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The  Binual  contain*  the „ theoretical  principle*  of  interior 
btlli»tici  and  the  contemporary  method*  of  aolution  of  it*  main 
problem*.  The  course  include*  investigation*  and  studies  accomplished 
in  recent  year*  in  various  branches  of  this  science.  Also,  a short 
historical  description  i*  given  of  the  development  of  interior 
ballistics.  The  latter  emphasise*  the  leading  part  played  by 
Buss&an  scientists  prior  to  the  October  revolution,  and  particularly 
after  it.  ^ 

- Considerable  attention  Is  given  to  the  practical  aspects  of  a 
*+rles  of  problems,  deference  1*  made  to  a slsable  quantity  of 


test  data,  examples  and  prablo 


Ic  ballistic  calculations. 


helpful  in 


the  met! 
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and  chapters,  which  present  soil 
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out  in  the  InteriorJBallistics 
during  the  years  of  the  Great 
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on  the  basin  of  the  physical  principle  of  combustion,  in 
accordance  with  the  setbod  of  Professor  Serebjr  labor  - 

Chapter  Til,  "Puaerlcal  Methods  of  Solution, " was  kept  without 
ouch  chance. 

, Chapter  Till,  dlscasslas  eoplrical  net 
considerably  abbreviated,  bee nano  the  Corner  loot  their 
with  the  existence  of  precise  tables  cenposed  on  tbs  basis  of 
analytical  foraulas.  At  the  same  tine,  the  uoi  rootles  tables  o t 
Professor  T.B.  Slakbotakl  were  added. 

In  Chapter  IX,  "Tabular  Methods  for  the 
Ballistics  Problems,"  the  funds nsuta Is  tor 
re-wrltten,  and  material  sss  added  ea 

Idea  of  the  setbod  of  relative  variables 
of  parameters,  evolved  durlaa  recent 
B.I.  Ofcuaev,  Professor «.P. 

I..I.  Sviridov,  Is  intro  da  oed  la 

Tbs  Ihsni f of  similarity  la  ns  arranssd  Met 
tables  Inherently  from  famine  used 
at  ballistic  tables.  J 

X,  ■’Ballistic  MaslMB  of  Meapsas,' 


1 

*11 
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third  section,  "Solution  of  Interior  Ballistics  Problems 


Cases, " gives  solutions 


of  interior  ballistics  problems 


tin  special  cases  of  great  interest  in  practical  applications. 
Instance,  Chapter  XI  includes: 

Ifce  solution  of  problems  for  combination  projectiles;  which 

rtlcal  and  apply  the  GAU  1942  table. 

1h0  solution  of  problems  for  aortars,  with  consideration  of 
|l  escape  of  gases  through  the  clearance,  and  with  reference 

fxMiple  of  calculation. 

solution  of  interior  ballistics  problems  relating  to 
£§  acceleration,  treated  by  Professor  G.V.  Oppokov. 

and  isst  chapter  clarifies  peculiarities  pi  ballistic 

Kgag  a conical  bore,  and  offers  ideas  ou  the  design  of 

nj,  the  course  covers  the  greater  part  of  the  basic 

Hrap4*r|)/'interior  ballistics. 

^^Bfg^portlon  of  the  study  was  written  by  Professor  II.  E. 
^^^Bector  of  Technical  Sciences,  Active  Member  of  the 

Sciences,  Major-General  of  Artillery  Engineering 
^Hp*St  Six  pages  of  print  were  written  by  Professor 
doctor  of  Technical  Sciences,  Ma jor-Oeneral  of 
Services. 

HKmb  express  deep  gratitude  to  the  corps  of  lecturers  of 
for  criticiss  in  reviewing  the  manual,  and  to 
peat**!  for  a review  of  the  study  and  for  a series  of 


also  express  gratitude  to  the  junior  scientific 
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2)  Motion  or  flight  In  the  air  of  a projectile  diacharged 
fro.  a weapon  with  a -uezle  (uiiw.)  Telocity,  and  undergoing  the 
effect*  of  grawity  and  of  air  realatance  until  the  unuirnt  of 
impact  with  the  target. 

In  connection  with  thoae  two  period*  of  Motion,  halllatic, 
are  dlwlded  Into  two  baalc  aectlona:  interior  halliatlca,  aad 
exterior  halliatlca.  Thi.  i.  don.  on  the  haai.  of  the  ch.ract.ri.ti* 
of  the  phenooena  and  proceaae*  atudled . 

gxterior  halllatic.  are  a atady  of  the  flight  of  a projectile 
free  the  aoaent  of  it*  departure  tfwrn  the  here,  or  tram  the  end 
of  the  period  of  after-effect,  when  it  hae  it.  highe.t  welocity, 
to  the  eoae*t  of  impact  with  the  target,  hy  deterel^ag  the 
principle  of  air  realatanc*  to  the  eotloa  of  the  projectile, 
exterior  hallictic*  permit  determimatiom  of  the  eagle  to  the 
herimem,  and  welocity,  with  which  a projectile  of  a giwe.  caliber, 
weight  aad  fora  ahoald  be  fired  in  order  for  it  to  etrihe  a target 
at  a giwe.  didtance,  at  a giwe.  angle  of  fall  a^with  a dm 
welocity,  or  to  paa*  through  a •*  ** 

aerial  targata) . 

Xaterior  halliatlca  are  a atady  of 


of  the  projectile  la 
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unusually  wide  and  variable  field.  In  the  process  of  investigating' 
its  numerous  interdependent  processes  and  phenomena*  one  will  have 
to  deal  with  a large  number  of  parameters,  variable  values  and 
characteristics  of  weapons*  projectile  and  charge . 

There fore , in  a doterai nation  of  relations  between  various 
values  characterising  a discharge*  as  well  ae  in  solving  problems 
of  Interior  ballistics*  it  is  necessary  to  approach  the  phenomenon 
initially  through  its  basic  characteristics*  to  simplify  it  and 
give  a schematic  solution  for  some  not  quit©  precise  assumptions; 
then  to  proceed  to  a clarification  of  the  effects  of  secondary 
factors ; and  having  found  these*  to  include  them  into  the 
elementary  schematic  functions*  thus  expanding  the  latter  and  making 
them  more  complex.  Of  course*  this  type  of  complex  arrangement 
of  the  various  processes*  when  expressed  mathematically*  results 
times  In  quite  complex  function©  representing  relations  between 
the  basic  values. 

The  following  basic  processes  are  distinguishable  in  the 

discharge  phenomenon: 

1)  The  process  of  podder  combustion  and  the  production 
'of  high -temperature  gases*  strongly  compressed  and  containing  a 
XtLTgm  reserve  of  energy.  The  rate  of  powder  combustion*  or  the 
rate  of  its  explosive  coeversion,  depends  basically  on  the 
pressure  sad  temperature  of  the  gases*  and  en  the  temperature 
characteristics  of  the  powder. 

S)  The  process  of  ths  cosvsrsion  of  the  thermal  energy* 
contained  is  the  heated  asd  strongly  compressed  gases*  into  kinetic 
energy  of  motion  of  the  projectile  - charge  - barrel  system. 


3)  The  proctiwi  of  projectile  motion,  barrel  recoil,  and 
eotion  of  case*  of  the  charge,  all  ore  rooming  a number  of  different 
resistances. 

All  these  processes  are  interrelated,  take  place  simultaneously 
and  exert  conplenemtary  effects* 

For  the  psrpose  of  studying  the  first  series  of  processes,  it  is 
necessary  to  be  fasillar  with  the  principles  of  physics,  physical 
chemistry,  thermo-chemistry  and  the  theory  of  explosiw*  substances, 
because  powder  is  a propulsive  enplosiwe  substance.  Oeneral  physical 
principles  for  gases  are  also  applicable  to  powder  gases,  while  the 
rale,  of  chemical  kinetics  apply  to  the  combustion  of  powder. 

Por  the  purpose  of  investigation  and  calculation  of  the  energy 
conversion  process  on  the  basis  of  thermodynamics,  a balance  of 
energy  In  a discharge  is  compiled,  with  a calculation  of  heat 
accumulation  and  of  it*  expenditure  for  the  performance  of  wsrioss 
external  functions  and  the  heating  up  of  the  fan  bore  wall.  In 
this  connection,  the  first  principle  of  thermodynamic.  1.  utilised- 
Principles  of  theoretical  and  applied  mechanics  and  of  gas 
dynamic,  are  applicable,  and  are  utilised  for  a.  invw.tigatioa  of 
th.  projectile,  gas  and  barrel  motion,  and  for  the  calculatisa  of 

1st abc*  formic 


For  thm 


conversion 


All  these  fiifitr are  expressed  by  definite  unthseatleal 

functions  and  ferulas,  which  permit  inf rrelntiag  the  elessst.  of 
the  discharge  amd  e~diti«-  of  char*-.,  and  which  yield  sststls- 
to  a -hole  -eriee  ef  prebl—  arising  A*  »n  analyni.  of  the 
of  a discharge. 
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rfc  iB  clear  fron  the  above  statements  that  interior  ballistics, 
■utilizes  the  following  branches  of  science  in  the  molding  of  its 
fundamentals:  physics,  physical  chemistry,  theory  of  explosives, 
thermodynamics,  theoretical  and  applied  mechanics,  and  mathematics. 

Because  the  discharge  of  weapons  is  the  object  of  its 
investigations,  interior  ballistics  shows  their  speci limed  technical 
artillery  character,  in  conformance  to  their  tasks,  on  the  basis  of 
a complex  application  of  all  those  general  technical  branches  of 


science . 

An  artillery  ballistic  specialist  should  detect  conditions  which 
permit  the  most  advantageous  exploitation  of  the  weapon  and  its 
charge,  and  the  best  possible  perfection  of  discharge  control.  He 
can  exert  influence  on  the  type,  volume  and  form  of  the  powder,  the 
design  and  weight  of  the  projectile,  the  design  of  the  weapon  and 
the  relation  between  chamber  volume  and  bore.  Combining  nil  these 
factors,  he  should  attempt  to  modify  the  results  of  the  discharge 
process  to  conform  to  practical  requirements. 

p»» * mow  or  iirmioK  ballistics  iwto  buk» 


Interior  ballistics  investigates  the  most  complex  artillery 
phenomena,  the  discharge,  and  teaches  how  to  control  it.  That  ia, 
how  to  calculate  the  design  of  the  bore,  end  to  regelate  the  efflux 
Qf  g&aes,  in  a combustion  of  powder,  in  n manner  insuring  the 
attainment  of  a given  initial  velocity  of  the  projectile  at  a given 
value  of  maximum  gas  pressure. 

The  experimental  investigation  of  the  phenomena  of  a discharge 
and  the  combustion  of  powder  considers  the  simultnneomm  effects  of 


xvii 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


the  following  factors,  distinguishing  the  phenomena  of  discharge 
from  the  cosnon  physico-chemical  processes: 

1)  Higher  value  of  pressure  (2000-3000  ats.  and  sore) . 

2)  High  taupe ratu re  of  powder  gases  (2800n-2000°C) . 

3)  Short  duration  of  the  pheuoueuon  (0. 001-0. OSO  sec). 

4)  Coshes t Ion  of  the  powder  In  a varying  space,  with  the 
perforusnce  of  various  typos  of  functions  by  the  gases. 

Powder  plays  a decisive  part  in  the  pbesosssa  of  discharge. 
Therefore  special  consideration  should  be  given  to  the  Investigation 
Of  the  principle  of  gas  forest Ion  In  a combust ion  of  powder  In  the 
here  at  the  tine  of  discharge. 

The  nrlnelsles  of  gas  formation  are  first  studied  under  alnpler 


The  principles  of  gas  formation  are  first  studied  under  ampler 
conditions.  In  an  invariable  space, . by  Igniting  charges  of  powder  - 
la  special,  so-called  nanonetrlc  bombs.  The  latter  permit  bringing 
the  pressure  up  to  SOM  atm.  and  npre.  The  Increase  of  pressure  In 
type  of  hash  during  the  Ignition  of  a given  charge  of  powder 
is  registered  by  neons  of  special  devices. 

an never  the  volume  of  a nanonetrlc  bomb,  la  which  the  conbustloa 


aims  constant 


aaak,  it  is  easier  to  Investigate  the  principles  of  gas  xomav&oa. 
gseviag  the  principles  of  powdar  gas  formation  la  n constant  space. 
It  is  peewit’-  to  calculate  the  changes  tor  a variable  space  where 
ggsss  psspelllng  the  projectile  perform  work  and  cool  off. 

in  connection  with  this  method  of  investigation,  interior 


formation  la  a 


»t  perform  any 
is  formation. 


i tent  space. 


It  is 


ballistics  Is  ua 
sad  gyrostat lea. 


illy  dlvii 


late  two  basic 


will 


pyrodyaamla 
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Pyrostatics  investigates  principles  of  powder  combustion,  gas 
formation  and  pressure  development  in  simpler  cases,  in  a constant 
space,  as  for  instance  with  an  immovable  projectile  (statics) . Having 
determined  those  rules,  we  utilize  them  to  control  the  process  of 
powder  combustion  during  a discharge  Iron  a weapon. 

Pyrodynamics,  using  pyrostatic  data  on  the  principles  of  gnn 
formation,  investigates  the  phenomenon  of  discharge  in  all  its 
complexity,  where  a conversion  of  energy  occurs  together  with  the 
coebustion  of  the  powder  and  the  inception  of  the  notion  of  the 
projectile  (dynamics).  At  the  same  time,  the  gases  perform  a 
series  of  mechanical  functions  and  cool  off. 

Gas  dynamics  investigates  phenomena  connected  with  the  motion 
and  escape  of  gases,  such  as  the  escape  of  gases  from  the  bore 
during  the  period  of  nfter-ef fectn,  their  escape  through  opomimgm 
in  muzzle  brakes,  through  the  clearance  in  mortars,  through 
of  roactive  projoctilaa,  etc. 

Tfae  theoretical  aaaunptiona  of  pyroatatica  and  pyarcnlyimaAea 
are  based  on  and  werified  by  experiments  conducted  in  special 
laboratories,  as  well  ae  on  firing  range.,  by  firing  conventions! 

or  specially  adapted  weapons. 

Ballistic  eguipmeat  for  the  invest igatioa  of  pbesomean 
in  a discharge  in  very  extensive  and  varied.  Its  design, 
of  fssctlonisg  and  method.  of  mtlli-stio-  are  oomtaised  1.  s 
course,  entitled  "Baperinmatal  Ballistics." 

» 


The  theoretical  aad  expert— t.l  isssstlgetios  of  the 


ill 
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of  discharge  facilitate*  the  solution  of  problem*  of  the  ballistic 
design  of  weapons.  In  a ballistic  design,  the  design  factor*  of 
tbs  bore,  the  weight  of  the  charge  and  guantity  of  powder  ar* 
determined  for  a given  caliber  and  weight  ef  the  projectile  sad 
for  its  nossle  velocity.  Bubsegueatly , the  principles  of  gas 
pressure  variation  inside  of  the  bore  and  the  principle  of  projectile 
acceleration  in  its  notion  along  the  bore  ar*  calculated.  I* 
addition,  calculations* are  sad*  on  the  gas  pressure  variations  and 
volocity  of  projoctl  le  during  the  period  of  the  after-effects  of 
ggimmm  on  th*  projectile  and  th*  gn*  carriage. 

The  results  of  th*  calculation*  ar*  represented  in  the  fern 
of  curves  p,  > and  v,  Z being  a function  of  the  trajectory,  th* 
curves  f , t and  v.  t as  w*ll  as  T,  t (where  ▼ l*  the  recoil  sp**d> 

ns  a function  of  time  (fig*.  1 n*d  *>• 

These  data,  obtained  by  a solution  of  interior  ballistics  prohless 

for  a selected  variant  of  th.  ballistic  design  of  th.  weapon,  ar. 

.1— ntary,  and  basic  for  the  .absent  calculation,  of  the  barrel, 
carriage,  projectile,  charge,  fuse  and  shell  case. 

On  the  basis  of  these  data,  obtained  in  a solution  of  l.t*rl*r 

w,  ' ,h.  imifur  calculates  th*  barrel  (thickness 

ballistics  probl***,  the  gun  designer  caxc» 

of  wall,  weight  of  barrel,  design  sf  beech  block  assenbly,  l*«ti*. 
of  center  of  gravity).  - calculate  the  fern,  depth  and  width  of 
<l*nd.  and  gloves  in  the  boro,  and  treat,  the  design  ef  the  oonster- 
r^oil  facilities,  a.  well  -•  the  g-n  nou.t  i-  general.  The 
annunltloa  designer  calculate . the  body  of  the  projectile  and  its 
grir.  collar  for  strength,  cl  elate,  the  charge  of  enplosiv.  s-hstance. 
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the  shell  cuss  and.  the  pricer  cup;  he  design's  the  fuze  mech.ani~.ti 
and  time  fuzes.  The  technologist  at  a powder  factory  calculates 
and  designs  pressing  dies  and  determines  the  technological  process 
of  powder  preparation  on  the  basis  of  a given  for*  and  grain  ~izc 


of  powder. 

In  this  manner,  a series  of  branches  of  artillery  sciences 
are  used  for  the  design  and  building  ofaew  weapons  and  ammunition 
for  them.  These  sciences  are  interior  aaW~ exterior  ballistics, 
strength  of  weapons,  the  theory  of  gun  mounts,  the  theory  of  fume 
and  projectile  design,  the  technology  of  powder  and  explosive 
substances,  and  metal  working.  In  this  connection,  interior 
ballistics  provide  the  principal  and  fundamental  information. 

The  design  of  a rather  complex  aggregate,  such  as  the  modern 
artillery  weapon  with  its  attached  fire  control  devices,  sad  of 
its  ammunition,  is  a product  of  the  results  of  pro lo aged  calculations 

Each  of  the  component  parts  of  that  aggregate  requires  for  its 
manufacture  a complex  and  prolonged  technological  process. 

TH,  HISTOET  OF  UK  WF1MWWT  OF  MWMO.  ■4U.I0TIC8 


The  hietory  of  the  develop—*  of  interior  balliotic.  1.  inseparably 
connected  with  the  general  development  of  artillery. 

The  origin  of  firearms  amd  the  hietory  of  tbo  development  of 
artillery  up  to  !«•  1.  p~m»fd  is  the  well  *meea  article  of 
«n«el.  eatitlad  "irtill.ry"  ZX7*  rmfowmo.  to  the  e~lior 

of  «...  -~.o_..  — W 
to  tb.  factory  Mthrii  of  1 * *^"***1** 

*>•.*#>  d»^dh  fM|  ttlMI  ^a^ralaSBMMat  ©f 

qoot#  at  attract  from  that  artieit  o*  " ~ 
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as  a science: 

"The  end  of  the  17th  and  the  beginning  of  the  18th  centuries 
comprised  the  period  when  artillery  was  finally  incorporated  Into 
the  military  organisations  of  a majority  of  countries,  the 
elimination  of  Its  medieval  guild  character,  and  its  recognition 
an  a special  military  branch,  promoted  its  adaptation  to  normal 
end  rapid  development.  This  resulted  in  an  almost  instantaneous 
and  quite  appreciable  progress.  The  diversity  and  irregularity 
of  calibers  and  types  became  apparent,  along  with  the  unreliability 
of  ell  existing  empirical  rules  and  the  complete  lack  of  precisely 
determined  principles.  It  became  impossible  to  endure  these 
conditions  any  longer.  Therefore  large-scale  tests  were  conducted 
everywhere,  in  order  to  clarify  the  problems  of  caliber,  the 
relation  of  caliber  to  charge,  as  well  as  of  the  length  and  weight 
of  the  gun,  the  distribution  of  metal  in  the  gun,  the  range  of  fire, 
the  effects  of  recoil  on  the  gun  carriage,  etc. 

The  result  of  this  was  a significant  simplification  of  calibers, 
better  distribution  of  metal  in  the  gun,  and  a very  considerable 
reduction  of  the  charge,  which  then  amounted  to  from  one-third  to 
one-half  of  the  weight  of  the  projectile.” 

IB  gosslo,  Peter  I exhibited  a great  deal  of  interest  in  the 
development  of  artillery.  Be  personally  wrote  the  "<tolde  to  the 
ptlllsntlon  of  Artillery.”  During  the  reiga  of  Peter  I,  the  Bosnian 
artillery  became  one  of  the  best  in  Xurope. 

The  progress  of  artillery  science,  mainly  in  the  field  of 
investigation  of  projectile  flight  and  air  resistance  (Galileo, 
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EarnouLlii,  Euler  and  others),  ran  parallel  to  the  organisational 
and  tactical  improvements  of  artillery. 

In  his  classical  study  entitled  * 'Hydrodynamics,  5,1  Daniel 
Bernoulli!  gave  tho  basic  knowledge  about  gases,  introduced  to 
science  the  conception  of  an  expansion  of  gases  in  consequence 
of  their  buoyancy,  and  showed  how  on  the  basis  of  this  expansion 
to  calculate  the  motion  of  a projectile  in  the  bore  of  gun. 

The  famous  mathematician  Euler,  member  of  the  Russian  Academy 
of  Sciences,  gave  considerable  attention  in  his  studies  to  the 
investigation  of  processes  occurring  in  the  bore  of  a weapon.  However, 
as  a result  of  the  lack  of  means  for  experimental  Investigation, 
at  that  time,  his  studios  wore  limited  to  the  setting  up  of 
problems . 

In  the  middle  of  the  18th  century,  Robins  submitted  the  first 
instrument  for  determinations  of  projectile  velocity.  Called  the 
"ballistic  pendulum,"  it  was  used  up  to  the  1860 * s . In  Robins  * 
study,  entitled  "Hew  Principles  of  Artillery  Science"  and  written 
in  1742,  ballistics  were  first  divided  into  exterior  and  Interior 
ballistics.  In  this  connection,  the  scope  of  interior  ballistics 
was  defined  as  follows:  "Knowing  the  length  and  caliber  of  the  gun, 
the  weight  of  the  cannon  ball,  the  powder  charge  and  the  elastic  " 
force  at  the  first  moment  of  ignition,  to  determine  the  velocity 
with  which  the  projectile  will  depart  from  the  gun." 

The  technical  reorganise t ion  of  the  artillery  proceeded  parallel 
to  the  theoretical  aad  experimental  investigations . This  embraced 
the  reduction  of  the  member  of  calibers.  Improvement  la  charging 
and  mechanisms,  and  Increasing  combat  sunlit  lea. 


xxiii 
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The  period  1750-1760  witnessed  a great  step  In  the  development 
of  the  Bosnian  artillery.  At  that  time,  a number  of  new  artillery 
types  ("unicorns")  were  introduced  under  the  leadership  of  Count 
p.I.  Shuvalov.  Also,  the  loading  of  the  guns  was  modified  by  the 
introduction  of  powder  bags  for  the  charges;  and  new  organisation 
of  the  artillery  was  effected.  Shuvalov's  "unicorns"  exhibited 
superior  combat  properties  sot  only  during  the  Seven  Tear  War 
(1756-1763,  when  the  Busslan  armies  occupied  Berlin),  hut  also  Airing 
the  BtTirrT-*  war  of  1813,  particularly  In  battle  of  Borodino.  These 
artillery  types  lasted  for  nearly  one  hundred  years,  up  to  the 
introduction  of  rifled  guns.  The  basic  personalities  active  in  the 
reorganisation  of  artillery  in  other  countries  (Friedrich  II  of 
Prussia,  Oribeval  in  Prance)  to  all  intents  followed  la  Shuvalov's 

footsteps. 

pandaswatal  theoretical  aad  experisental  ballistic  investigations, 
which  produced  proper  assumptions  about  the  phenomenon  of  discharge 
and  Its  uniformity,  were  conducted  beginning  with  the  second  half 
of  the  l»th  century,  on  tbs  basis  of  the  general  development  of 
technology  and  a series  of  related  branches  of  science. 

The  first  theory  of  powder  cosbustlon,  published  abroad  la 
1857,  was  written  by  the  Bn..ia»  cl— 1st  Shiphov  and  the  Oerman 
chemist  Basses.  In  1860,  Captain  A.P.  Oorlov  wrote  an  article  on 
the  motion  of  the  projectile  lm  the  bore  of  a rifled  gas.  An 
abstract  of  this  article  was  cental^  Is  the  report,  of  the  Paris 
Academy  of  Scleace.  in  1863.  la  1868,  Colonel  B.P.  F^erov  Cetera— 
the  effect  of  powder  combustion  conditions  on  the  composition  of  the 
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products,  by  iiri.s  a pistol  and  a four-pound  cannon.  These- 
studies  laid  the  foundation  for  the  development  of  props- 
hypotheses  on  the  combustion  of  powder  in  a discharge,  and  xverc 
used  -in  much  later  studies  by  numerous  researchers. 

Significant  progress  of  experimental  ballistics,  expressed 
in  the  appearance  of  too  basic  instruments  which  are  still  widely 
used  in  our  times  (the  chronograph  of  Le  Boulanger  for  measurement 
of  projectile  velocity  and  Hobel’s  crusher  gage  for  measurements 
of  powder  gas  pressure),  occurred  in  the  1860 *s. 

The  crusher  gage,  which  permits  estimating  gas  pressure  on 
the  basis  of  the  compression  of  a copper  column,  laid  the  foundation 
for  the  development  of  a special  branch  of  experimental  ballistic, 
"manometry,"  and  promoted  the  production  of  manometric  bomb 
latter  facilitated  investigations  of  the  principles  of  powder 
combustion  at  high  pressures. 

1868  to  1875.  *05.1  .»*  “.1  eoodOot.O  .5^>rl~ot.  o.  tb. 

tuition  o,  black  po.b.v  1.  • “* "• 

,...,lt..lvo  aod  ,..llt.«l*.  to.po.ltloo  07  — 
tMlv  tb.c!  capacity , tb.  a— o.t.  oy  .l.-lbl.  «»• 
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combustion  of  black  powders  and  the  uniform  gradual  combustion  of 
smokeless  colloidal  powders.  This  permitted  regulation  of  the 
suppl3?  by  varying  the  dimensions  of  powder  elements, 

A new  type  of  powder  was  prepared  as  a result  of  numerous- 
theoretical  and  laboratory  studies . It  was  smokeless,  colloidal 
on  a pyroxylin  basis,  and  was  obtained  by  an  ethyl  alcohol  compound 
treatment  of  pyroxylin  explosive  substance.  Vel  projected  and 
prepared  a strip-type,  pyroxylin  powder  for  a 65  mm  gun.  By  firing, 
he  obtained  results  fully  verifying  calculated  data.  The  new 
powder  proved  to  be  almost  three  times  as  powerful  as  black  powder, 
and  produced  a significant  Increase  of  projectile  velocity,  with 
a lower  pressure  of  powder  gases  in  the  bore. 

Aside  from  the  elimination  of  stroke  on  battlefields  and  a 
considerable  increase  of  the  range  of  fire,  the  introduction  of 
smokeless  powders  also  caused  a modification  of  battle  tactics. 

In  Russia,  a specimen  of  the  French  pyroxylin  powder  was 
obtained.  Experiments  toward  its  production  began  in  1887  at  the 
Okhtensk  gunpowder  factory;  while  firing  tests  with  it  were 
conducted  by  the  research  committee  of  the  same  factory. 

The  famous  Russian  chemist  D. 1 . Mendeleev  in  the  1890 s u 
developed  a special  pyroxylin  powder,  which  offered  numerous 
advantages  in  a comparison  with  Tdl1*  powder.  However,  the 
Artillery  Conmittee  rejected  the  powder  of  D.I.  Mendeleev  for 
armament  purposes,  under  the  influence  of  the  at  that  time  cu  a tomary 
neglect  of  the  prominent  personalities  of  Russian  science,  and  the 
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properly  recognised  in  the  W.8.  A.  where  it  wee  adapted  for  arwuMBt 
purposes.  During  the  period  of  the  first  world  war,  1914*1918,  the 
Bussian  ft ray  obtained  considerable  quantities  of  the  pyrocolloid 
powder  from  the  U.8.A. 

Disregarding  the  fact  that  the  technology  and  industry  of 
Tsarist  Bussla  were  at  ft  lower  lewel  than  the  foreign  standards, 
our  ballistics  scientistics  frequently  surpassed  foreign  researchers 
fros  the  theoretical  point  of  view,  and  played  a leading  part  in 


the  treatsent  of  nuns  rows  probli 


Many  of  their  studies  were 


insert  lately  sent  abroad  and  utilised.  We  haws  already  sentloned 
the  outstanding  studies  of  Mhipkov,  Gorlow  and  Fedorov  fros  1857  to 


1868. 


The  first  course  of  interior  ballistics  in  Bass  la  was  written 
by  Colonel  P.M.  Albitskl  in  1870,  and  read  at  the  Artillery  Acadesy. 

In  1879*  Colonel  EAlakutsbll,  a jpupll  of  the  Artillery  Acadesy, 
published  a study  on  tests  conducted  to  determine  conditions  of  the 
development  of  abnormal  pressures  in  firearm  bores,  which  long  before 
Tel,  touched  on  the  problem  of  the  propagation  of  wmdulatory  gas 
notion.  His  studies  were  transferred  the  following  year  to  France. 

Colonel  T.A.  Pashbewich,  a very  skilled  and  talented  artillery 
man,  became  successor  to  Albltskll.  From  1885  to  1891,  he  wrote 
a course  in  Interior  ballistics:  Fart  1,  theoretical;  Fart  2, 


experimental . In  1899,  t 


were  translated  into  English 


in  the  XT. 8. A.  Els  instructions  on  experimental  ballistics  were 


used  at  the  Artillery  Acs 


, for  many  years  aftei 


From  nseng  the 


it  distinguished  scientists  active  during  the 


second  half  of  the  19th  century  and  at  the  beginning  of  the  20th 

anreiii 
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century  i£7the  development  oi  theoretical  and  aspeiicsnwl 
ballistics  in  Prussia,  it  .is  proper  to  mention  the  rounder  of 
-jorld-uide  interior  ballistics.  Professor  of  the  Artillery  Academy 
H.v.  Hanevskii  (born  in  1823,  active  from  1860  to  1892,)  and  his 
pupil  and  follower  IX. h.  Zabudskii  (born  in  1853,  active  xrom  1880 

to  1917) . 

Although  these  two  scientists  acquired  their  fame  throng 
studies  in  the  field  of  exterior  ballistics,  they  have  made  great 
contributions  to  the  development  of  interior  ballistics. 

For  example,  prior  to  the  design  of  a 60-pounder  smooth-bore 
gun,  and  before  the  investigations  of  Nobel,  Kanevskli  submitted 
in  1356  on  original  method  of  determining  the  powder  gas  pressure 
at  various  cross  sections  of  the  boro  of  artillery  weapons. 

The  gun  calculated  by  Manovskii  was  built,  and,  when  tested, 
showed  considerably  better  results  than  the  gun.  competing  with  it 
and  built  from  the  designs  of  other  people,  including  Snglish 
scientists. 

In  1867,  H-V.  Kanevskli  organised  special  tests  for  the 

experimental  determination  of  the  projectile  travel  in  the  bore 

of  a four-pounder  gun  as  a function  of  time.  *ro.  thi.  informatiom, 

curves  of  powder  gas  i»  relation  to  projectile  travel  amd 

. * + iaj  hv  Mine  of  calculation®, 

t lae  were  plotted  ny 

Thl.  •«,«,  — “ “* 

b.lll.tlo.  *«>  “•  ‘“■“n 
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K.Y.  ttUMYSkii 

la  1878,  V'T*  UtMTSkll  was  elected  corresponding  ■ ember 
of  the  Academy  of  Sciences,  ( "People  of  Russian  Science,*1  published 
by  tbs  Academy  of  Science  of  the  USSR,  1944,  volume  11). 

Professor  of  the  Artillery  Academy  If. A.  Z&budskil,  a pupil 
and  successor  of  I.Y.  Manevskli,  was  greatly  and  successfully 
active  la  the  theoretical  direction,  as  veil  as  In  the  field  of 
the  development  of  artillery  technology* 

In  1911,  the  French  Academy  of  Sciences  elected  If. A.  Zabudskil 
to  corresponding  membership  of  Its  department  of  mechanics,  in 
recognition  of  his  scientific  accomplishments  in  ballistics.  In 
the  field  of  interior  ballistics.  If. A.  Zabudskil  completed  in  1904 
s study  on  investigations  of  pressure  in  the  bore  of  several  guns, 
and  gave  numerous  empirical  formulas  for  mizzle  velocity  and 
maximum  pressure. 

Later,  in  1914,  he  published  his  main  study  on  the  experimental 
determination  of  pressure  and  velocity  curve©  as  a function  of 
projectile  travel  in  the  bore  of  300  mm  field  gun,  applying  for 
the  first  time  to  this  purpose  the  original  -method  of  progressive 
shortening  of  the  gun  barrel. 

On  the  basis  of  these  investigations,  ho  gave*  ospirical  formulas 


pssa^^'  - "•  J-~  >~^V  -I--  r~  ' 
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-O-i"  -lie  dependence  of  uussle  velocity  of  the  projectile  and  of 
the  na::iiiua  pressure  of  powder  gases  on  the  variation  of  numerous 
•conditions  of  charging  (weight  of  charge,  weight  of  projectile, 
volume  of  chamber,  si me  of  powder) . 

This  fundamental  study  of  II. A.  Zabudskii  had  a major  share 
in  the  evolution  of  proper  assumptions  on  the  dependencies  in  the 
bore  of  a weapon  during  a discharge,  and  is  used  in  part  up  to 
the  present  time. 

In  1892 j Colonel  A.F.  Brink  began  to  lecture  in  the  course  of 
intorior  ballistics  at  the  Artillery  Academy.  En  1901.,  ho  wrote 
a complete  course  of  interior  ballistics.  For  this  purpose,  ho 
used  ch-w  i or  mu  luD  of  Cnppo  t and  net/  empress  ions  for  coof  f icicntn 
and  exponents  lor  pyroxylin  powders . These  appeared  for  the  first 
time  in  literature.  In  addition,  he  submitted  his  own  empirical 
formula  for  the  pressure  curve. 


IT. A-  Zftbudskll 


At  the  ti co,  this  course  was  the  most 
of  instruct Ion  known  abroad,  as  then  noted 

JL 


complete  taong 
by  Professor  H 


all  system® 
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This  course  o f instruction  was  transferred  to  Germany  and  the 
0.8. A. 

In  1903,  Colonel  K.f.  Drozdov,  lecturer  at  the  Artillery 
Academy,  submitted  an  article,  contained  in  the  Artillery  Journal. 

It  was  the  first  mathematically  precise  solution  in  world 
literature  of  a basic  problem  of  interior  ballistics.  It  had  none 
of  the  simplifications  used  prior  to  that  time.  In  1910,  this 
study  was  considerably  enlarged,  and  published  in  a separate 
edition.  It  was  offered  by  hi*  as  a dissertation  toward  the 
attainment  of  a decree. 

The  tables  compiled  by  him  in  1920,  on  the  basin  of  his 
solution,  contributed  greatly  to  the  simplification  and  speeding 
up  of  ballistic  calculations,  and  to  the  solution  of  a eerie*  of 
varied  problems  relating  to  the  ballistic  design  of  guns.  Alee, 
they  served  as  a prototype  for  a whole  series  of  detailed  tabled 
compiled  later  on.  (Science  and  gesearch.  Institute  of  Artillery, 

GAO)  • 

The  first  dissertation  study  on  interior  ballistics  in  Bnesln 
WB  written  and  defended  in  1904  by  Captain  of  the  Guard  1.9.  Grave, 
instructor  at  the  Artillery  Academy.  This  study  dealt  with  the 
experimental  and  theoretical  investigation  of  the  principle  of 
powder  combustion  rate  and  pressure  dev.lop-.-t  in  the  combustion 
of  powder  in  a constant  space.  The  study  was  of  considerable 
scientific  interest,  and  was  translated  in  franc,  in  a so~what 
abbreviated  form. 

in  1908  appeared  the  study  by  Charbonne  (franc.)  entitled 
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“Interior-  Ballistics-  “ Ee  proposed  the  division  of  interior 
ballistics  into  the  fundamental  branches:  pyrostatics  and 
pyro dynamics . He  defined  more  precisely  the  conceptions  of  pressure 
propulsion,  and  the  calculation  of  secondary  functions  in  a 
discharge-  While  criticising  the  geometrical  principle  of  combustion 
evolved  by  Wei,  he  presented  his  own  method  of  determining  the 
principle  of  powder  combustion  on  the  basis  of  tests  in  a aanoaetric 
bomb.  This  principle  was  also  used  by  him  in  the  solution  of  the 
basic  problem  of  pyrodynamics . 

The  French  ballistics  specialist  Slugo,  who  wrote  a course 
of  loot ruction  for  interior  ballistics  in  1026,  should  be  counted 
among  the  circle  of  followers  of  Char bonne  who  developed  his 
solution  and  rendered  it  more  precise . 

Parallel  to  the  theoretical  school  of  thought  of  Charboi 
and  Siugo,  there  existed  in  France  an  empirical  approach  by 
and  Liubill  who  submitted  solutions  to  the  problem  of  interior 
ballistics  on  the  basis  of  utilising  the  results  of  a very  largo 
number  of  discharges . (1922) . 

The  studies  of  the  German  ballistics  specialist  Mrs  ns  cas  be 
mentioned  among  the  experimental  activities  of  the  beginning  of 
the  20th  century-  He  published  a "Course  of  Ballistics’*  la 
volumes  (exterior,  interior  and  experimental-  1920  through  IMS) . 
jtranx  organised  a special  ballistic  laboratory  at  the 
Military  Academy  in  Berlin,  and  invented  a number  of  see  la 
for  the  investigation  of  discharge  pi 

From  among  Italian  authors,  me  a ties  should  be  usds  of 
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i~~  — IJ-e-y  scientists,,  using:  development  tests  of  national  artillery 
a zi d artillery  technology,  as  well  as  the  ideas  of  leading  foreign 
Cillery  scientists,  successfully  treated  and  independently  solved 
idle  main  theoretical  and  practical  problems  of  artillery  science 
an  genera x and  of  ballistics  in  part.  The  research  of  IT-V. 
Uanevstiij  L.h.  Sabudskii,  V.LZ.  Trofimov,  13.  F.  Drozdov,  I.p.  Grave 
and  others  are  outstanding  contributions  to-  the  science  of  artillery 
and  nave  retained  their  value  even  to  the  present  time.  The  major 
pare  of  these  investigations  were  printed  in  the  older  and  widely 
knounnirtillery  Journal, " which  appeared  for  the  first  time  in 
IciOo . Art i 1 lory  and  interior  ballistics  underwent  a still  greater 
Gw  \ ^iop^ont  t cor  the  Groat  October  Revolution , 


A new  era  in  the  development  of  artillery  and  artillery  science 
an  the  new  Soviet  state  began  with  the  victory  in  October  of  1917. 
The  Bolshevik  Part}/  and  the  Soviet  Government  headed  by  Lenin  and 
Stalin  have  enthusiastically  supported  artillery  scientists  from 
the  very  beginning  of  tho  existence  of  the  Red  Army,  and  have 
revised  choir  caste  and  goals  to  the  present  mission  of  universal 
strengthening  of  the  armed  forces  of  the  Soviet  Union  for  the 
purpose  of  preserving  it  from  capitalist  cncircleiasnt. 

In  response  to  the  appeal  to  the  Party  and  the  government,  to 
selflessly  prevent  tho  conquest  of  the  Soviet  Republic,  patriotic 
artillery  scientists  urgently  undertook  the  task  of  organization 
and  improvement  of  Soviet  artillery,  using  the  best  traditions  of 
Russian  artillery  science  for  the  purpose  of  fullfilling:  this  bIbbIos 
There  wore  many  difficulties  at  the  beginning  of  this  course : 
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collapse  of  the 


a poor 


material  and  technical  foundation 

H^teftr 


for  the  development  of  artillery  science  and  technology, 
these  difficulties  were  surmounted,  and  artillery  science  continued 
to  work  on  the  further  development  and  the  increase  of  the  power  of 
the  artillery  of  the  led  Army. 

In  this  connection,  a significant  part  was  played  by  the 
activities  of  the  Gonmlsslon  for  Special  Artillery  Besearch,  1919 
through  1926,  under  the  leadership  of  the  famous  Bussian  artillery 
scientist  V.K.  Trofimov. 


V.K.  Trofimov 

Y,  X.  Trofimov  was  born  in  1864.  He  graduated  with  top  honors 
in  1692  from  the  Academy  of  Artillery  and  gave  25  years  of  his 
life  to  scientific  and  practical  study  at  the  lain  Artillery  Bangs. 

He  was  director  of  this  range  from  1910  to  1917,  and  has  done  much 
for  the  development  and  improvement  of  its  egulpawnt  and  organisation, 
particularly  during  the  time  of  the  war  from  1914  to  1918. 

During  his  stay  at  the  range,  ▼. M.  Trofimov  conducted  a large 
number  of  scientific  investigations.  Many  of  his  studies  were 
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incorporated  in  firing  manuals,  while  some  were  translated  into-  foreign 
languages . 

For  his  study  entitled  “The  Effects  of  Shrapnel  from  the  300 
inn  Gun"  (1903),  V.  LI.  Trofimov  was  awarded  the  Rasskazov  and  the 
greater  Mikhailov  medals. 

The  period  of  particularly  intensive  activities  of  V.M. 

Trofimov  is  connected  with  the  studies  of  the  Commission  for 
Special  Artillery  Research  (&OSARTOP) , which  was  formed  through 
his  initiative  in  1919  for  the  purpose  of  working  on  problems 
connected  with  firing  over  very  long  distances. 

After  obtaining  data  on  the  shelling  of  Paris  by  the  Germans 
over  a distance  of  about  120  km,  Y.M.  Trofimov  undertook  to  obtain 
equal  results  in  Russia,  and  began  his  efforts  in  1918,  in  disregard 
of  the  difficult  materials  conditions. 

He  recruited  the  aid  of  several  young  employees  of  the  range, 
and  conducted  a number  of  preliminary  Investigations  in  order  to 
find  way©  of  attaining  the  designated  goal. 

Using  recent  material,  Y.M.  Trofimov  submitted  his  principle 
of  air  density  variation  with  altitude.  Because  firing  over  very 
long  ranges  involves  variations  of  air  density  over  a very  vide 
rang©,  Trofimov  utilised,  for  the  first  time  in  ballistics,  the 


method  of  numerical  integration  of  the  differential  equations  of 
exterior  ballistics  to  calculate  the  trajectory  (similarly  to  the 
system  of  Ruler : breakdown  into  smell  portions  and  solstios  of  oech 
portion).  For  this  purpose,  he  used  the  study  of  Acadeslela*  A* M- 


Krylov,  entitled  "On  an  Approximate  Numerical  Solution  of  Cosmos 

m inferential  Rogations”  (191®). 

xxxvil 
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KKX I ) - 

In  addition  to  problems  directly  connected  with  super-loos 
range  firing,  the  Commission  for  Special  Artillery  Eesearcn 
processed  the  technical  and  tactical  requirements  for  aer  artillery 
types,  as  well  as  for  self-propelled  artillery,  mortars,  problems 
of  gas  dynamics,  etc.  These  activities  provided  the  foundation 
for  the  modernization  of  the  artillery  of  the  Red  Army,  which 
was  accomplished  several  years  later. 

V.13.  Trofimov  recruited  not  only  all  leading  artillery  scientists 
of  the  Artillery  Committee  («=)  for  wort:  with  the  Commission,  but 
also  all  professors  from  the  Artillery  Academy  (**)  and  --  number 
of  leading  civilian  scientists  (•••)  active  in  fields  related  to 

art.ill0E*y . 

At  the  same  time,  V. M.  Trofimov  used  the  freshman  workers  in 
science,  who,  under  the  guidance  of  leading  scientists,  attended 
the  School  of  Science  at  the  Commission  far  Special  Artillery 
Research.  Subsequently,  many  of  them  became  leading  specialists 


. , ■ownfetamoT  G A.  Zabudfkll  ( gun  powder);  V.  I . Rdultownki  i ( pro  - 
J ?um.):  i.r?  lto**nb*r;  and  A.G-  Mat  Ann  in  (technology, 

ssstrAEsa  ‘s? '.ssssissBsss;  ■ j&jssr 

' ^ w.1  i4gtiet)  t froftssort : H«r*  Ihromoor  (itrtnfth  ox 

iiiMitXiitirior  ballistics) j I.P.  Or***  (Uttrlor  tellUtlci); 

TitLSir  billliticc);  *.▼.  StposkiiteT  (chemistry, 

l I (metallnrgy);  l.ct.rer.  F.F. 

SSK  Sr?InM-)I  O.M.  Tillippow  (gw. powder,  interior 

belliotice)  and  otker*. 

tics,  mocha ■Ice) ; Professor 
LiST  M«dy— 1C.)  ; B.A.  Chaplygin 
! «»•  •*«  r P ▼•♦«**■**»  <«***  dynamic); 

f^yf^iDlchtBOv  (mstsoroloty)  and  others . 
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In  various  Held,  ol  artillery  activitis.  <D.A.  Venttsel,  B.E. 
Okunev,  V. E . Slukbotskli,  E-E.  Serebriakov) - 

In  addition  to  the  personal  recruiting  of  leading  scientists 
and  specialists,  the  Coss lesion  for  gpeslsl  Artillery  Se  search 
maintained  cIom  relation,  with  a mmber  of  national  scientific  and 
technical  inetitutione. 

About  160  aoao graphs  relating  to  scientific  and  research 
studies  conducted  by  the  personnel  of  the  Co— 1-ion  for  Special 
Artillery  —arch,  a.  veil  as  about  80  design  treat—,  -re 
published  during  the  period  of  its  activities. 

The  studies  of  the  Co— l.slon  for  Speclal  Artillery  —arch 
were  of  great  laportanc.  for  the  as— Hug  of  a nusber  of  out- 
standing research  p-pl.  .round  probl—  of  artillery  ~t.ri.l- 
After  the  death  of  T.E.  Troflaov,  the  di— ctlon  of  the  Co— 1— Ion 
was  transfer— d to  the  hand,  of  the  outstanding  specialist  la  the 
*.ld  of  super-long  range  firing,  Prof—  E.A.  Berkalov,  -ho  ha. 
*1—  obtained  a 8-at  deal  of  exp.ri.ac.  In  this  field. 

Du.  to  the  attention  given  by  the  party,  the  govern— at,  and 
particularly  by  Comrade  Stalin  to  this  p-bleu.  the  effort,  to 
iaprdve  the  artillery  of  the  Bed  A— y,  a—  to  scientifically  1— u— 
lt.  development,  continued  to  expand  during  the  follo.lng  period  of 


During  the  ye—  of  Stalin'.  Fi— Tear  Plans,  our  country 
created  the  —rial  and  technical  foundation  necessary  to  Provide 
the  a rued  force,  with  nodern  co.bst  -ateri.l  and,  anong  the-, 

artillery • Material  conditions  necessary  to  a fruitful  devslop— nt 
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of  scientific  and  technical  artillery  thought  were  created;  parallel 
with  the  development  of  our  industry  and  economy. 

A number  of  designing  offices  were  established  under  the  direction 
of  Heroes  of  Socialist  Labor  V. G.  Grabin,  I. I.  Ivanov,  F.F.  Petrov 
and  other  designers,  which  produced  many  samples  of  artillery  types. 
These  showed  superior  combat  and  technical  qualities  during  the 
period  of  the  Great  Homeland  War.  All  these  activities  were  personally 
supervised  by  Comrade  Stalin,  who  examined  test  specimens  of  new 
artillery  types  and  issued  instructions  on  the  course  of  their 
further  development. 

Comrade  Stalin's  anxiety  in  connection  with  the  development  of 
scientific  artillery  thought  found  its  expression  in  the  establishment 
of  the  Academy  of  Artillery  Sciences  in  1946,  for  the  purpose  of 
processing  basic  scientific  problems  confronting  the  artillery. 

A new  generation  of  Soviet  artillery  scientists  and  ballistics 
specialists  grew  up  during  the  30  years  of  existence  of  the  Soviet 
government  * The  first  to  be  counted  among  those  are:  Academician  A. A. 
Blagonravov,  president  of  the  Academy  of  Artillery  Sciences;  M.  F. 
Fasiliev,  member  of  the  governing  body  of  the  Academy  of  Artillery 
Sciences;  K.K.  Snitko,  A. A.  Tolochkov,  D.  A-  Venttsel,  M.S. 

Serebriakov,  V.E.  Slukhotnkil,  la.  M.  Shapiro,  active  members  of 
the  Acadesy  of  Artillery  Sciences;  and  Professors  B.M.  Oku  me  v,  G.  V. 
Oppokov.  These  are  followed  by  the  younger  generation  of  science 
workers:  M.S.  Gorokhov,  M. A.  Mamontov  and  others. 

It  can  be  definitely  stated  that,  in  our  Union,  we  have 
established  a leading  Soviet  scientific  school  of  artillery  designers 
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During  very  recent  tines  (1-947-1948),  IT.F.  Drozdov  has  written 
two  more  studies.  One  pertains  to  the  properties  of  highest  power 
artillery  weapons.  The  other  presents  solutions  of  the  interior 
ballistics  problem  in  relative  variables  for  simple  and  combination 
charges,  with  appended  tables  which  considerably  expedite  computations. 

Professor  ff.F.  Drozdov  is  the  founder  of  the  Russian  School  for 
the  Ballistic  Design  of  Guns,  which  created  a number  of  outstanding 
artillery  types. 

Professor  I.P.  Grave  lectured  for  many  years  (from  1911  till  1934} 
on  interior  ballistics  at  the  Artillery  Academy,  and  wrote  the  most 
complete  course  of  theoretical  interior  ballistics  in  world  literature. 
With  respect  to  its  variety  of  included  material  and  the  completeness 
of  exposition,  this  study  may  be  justly  named  an  encyclopedia  of 
theoretical  interior  ballistics.  - This  course  is  composed  of  four 
volumes  of  pyro- dynamics  ( 1932 -to  1937)  and  pyrostatics  <1938). 

The  course  contains  extensive  material,  and  presents  a criticism  of 
Russian  and  foreign  articles  and  studies.  All  those  are  analysed, 
and  cite  reference  literature.  For  the  first  time  in  our  literature, 
problems  of  gas  dynamics  and  ballistics  of  an  incompletely  enclosed 
space  are  submitted  to  particular  consideration  in  this  study. 

Aside  from  this,  I.P.  Grave  had  contributed  largely  to  the 
development  of  an  experimental  base,  at  the  Artillery  Academy  by  6rga.nl  z- 
ing  a ballistics  laboratory  in  1926. 

After  1938  and  during  the  period  of  the  Great  Homeland  War, 
professor  I.P.  Grave  held  the  chair  of  interior  ballistics  at  the 
Artillery  Academy,  conducted  a series  of  investigations , and  wrote 
several  studies  on  current  problems  of  interior  ballistics. 
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t,he  standpoint  of  design. 


il  new  method  of  ballistic  analysis  of  gunpowder,  which  permits 
the  test  determination  of  the  actual  principle  of  powder  combustion 
and  recognition  of  the  influence  of  a whole  series  of  factors 
previously  disregarded  (physical  principle  of  combustion),  was 
developed  by  M.E.  Serebriakov  in  this  country  between  1923  and  1937. 

Also,  the  solution  of  ballistic  problems  through  the  methods  of 
numerical  integration  was  developed  very  thoroughly  in  this  country. 
This  method  was  used  for  the  first  time  in  ballistics  by  V.M.  Trofimov 
in  1918,  in  exploitation  of  the  studies  of  Academician  A.N.  Krylov. 

The  methods  of  numerical  solution  of  problems  were  developed  and 
expanded  in  particular  details  by  Professor  G. V.  Gppokov  in  a series 
of  his  studies. 


This  incomplete  account  of  the  accomplishments  of  our  scientists 
already  permits  recognition  of  the  fact  that  interior  ballistics  has 
reached  a high  theoretical  level  in  our  country  and  progresses  along 
the  proper  paths.  in  order  to  fulfill  the  mission  assigned  by 
Comrade  Stalin,  "to  exceed  the  accomplishments  of  foreign  science 
within  a short  period  of  time,"  it  is  necessary,  by  means  of  continued 
and  persistent  work,  to  raise  still  further  the  scientific  level  of 
our  Investigations. 

Artillery  technology  develops  with  each  passing  year;  while  the 
problems  confronting  interior  ballistics  widen  and  become  more  complex. 
Sew  methods  of  solution  come  into  existence.  Outdated  hypotheses  are 
eliminated,  and  are  replaced  by  new  ones.  Sew  experimental  methods 
and  more  precise  equipment  are  introduced,  providing  research 
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scientists  with  new  material  and  new  methods  of  investigation. 

Interior  ballistics  will  progress  as  a result  of  the  expansion 
of  our  knowledge  of  the  discharge  and  of  phenomena  accompanying  it, 
the  establishment  of  new  rules,  the  replacement  of  outdated  hypotheses 
by  new  ones,  the  improvement  of  our  ability  to  direct  the  discharge 
along  the  desired  course. 

The  mission  confronting  the  students  of  a course  in  interior 
ballistics  is  to  become  familiar  with  the  modern  status  of  this 
branch  of  science  and  with  the  theoretical  fundamentals  of  interior 
ballistics,  and  to  learn  to  apply  them  to  solution  of  numerous 
practical  problems  arising  in  the  design  of  various  types  of  artillery 

and  the  ammunition  for  them. 

LISTING  OF  NOMENCLATURE , SYMBOLS  AND  DEFINITIONS  IN  THE 
FIKLD  OF  INTERIOR  BALLISTICS 

A.  BASIC  PROPOSITIONS 

1)  The  following  listing  specifies  only  the  most  characteristic 
values  used  in  interior  ballistics  as  one  of  the  branches  of 
artillery  science. 

2)  Individual  terms  relating  to  variables  associated  with  certain 
characteristic  instants  are  properly  designated  by  adding  the 
following  subscripts  to  tha  -T-bol  of  the  vari.bl.  value: 

0 - for  the  lamtamt  of  commencement  of  projectile  motion. 

„ _ for  the  instant  of  maximum  pressure  of  gssss. 

B _ for  the  immtmmt  of  decomposition  of  tbs  powder  grains. 

* _ for  tbs  instant  of  the  end  of  powder  combustion. 

d - for  the  ^mstent  of  the  projectile  leaving  the  bore. 
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KoMBcltture 

projectile  (nrlable 
value) 


29  I Muzzle  velocity 


30  srjEsvj.ES"  ■ — 


*iB«Pr*Mllr*  of  powder 


W I*Pul—  of  prtHor*  of 
POJ^or  cwm.  Cw.rl.ble 

t - tie* 

33  Iepulae  of  piewart  r _ *k 

Powdor  cm.  .t  tbs  end  k Zk  " f P* 

of  powder  coebestlon  J 

O 

| I t - tlM 

I T.  Special  Tallies  aad  Coefficient 

34  I Density  of  losdls*  f A 


Symbol 


Definition 


•<»>  KTra,”**'1™  “ ,h* 

Td  <Td>  Salatlv*  velocity  of  m- 

<!•)  *t  tbs  instant 
of  depnrtnre  (SB) 

p wlw  Of  partial 

»be  initial  mSTSSem^t  *“ 
*iT**  position  of  tbs 
J}5?  •*  PfojMtilo  (at  a 
Si von  instant) 

Per  _ fqr* 

mr  ipT  < 3 73  aa»  •*  *•>., 

“ *cc«loration  of 
iWTitjr  l 


P«*t  (34,  30),  where 


*k  “ f P<*t  (34,30),  where 


3S  Gravimetric  density  of 
I powder 
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ORIGINAL 


nomenclature 


S ymbo  1 


Reduced  length  of  chamber 


Actual  length  of  chamber 


37  Factor  de teroining 
secondary  functions 


38  Coefficient  of  weight  of  cq 

projectile 


39  Coefficient  of  charge 
utilisation 


Coefficient  of  projectile  'u 
location *at  the  inetant 
of  total  combustion  of 

charge 


Definition 

container,  and  on  the  method 
of  placing  the  powder  in  it. 

These  factors  are  specific  in 
each  given  case. 

The  length  of  a straight 
cylinder  whose  volume  is 
equal  to  the  volume  of  the 
gun  chamber  (6),  and  w^os® 
base  area  corresponds  to  the 
area  of  the  cross  section 
of  the  bore  (2) 

Distance  from  the  base  of  the 
bore  to  the  base  of  the 

projectile 

A coefficient  for  evaluating 
the  secondary  functions  of 
powder  gases  (rotation  o 
projectile, gun  recoil,  friction, 
etc.  ) 

c - 4-  (7 ; 1) , where  q in 

q «t3 

leg  and  d in  dm . 

w-  5^-  i •> 

where  g-  acceleration  of  gravity 

■*lk  - V*d  <”> 
where  £-k  ie  travel  of  pro- 
jectile (26)  at  tbm  *•»*»»* 
of  total  ooabwtlra  of  tbe 
powder 


Relative  weight  of  charge 


Vdwer 


factor  of  weapon 


gfficieacy 


of  the  charge  rd 


*A2_  -v— 

la  * 
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PART  O K B 

PHYSICAL  PRINCIPLES  OF 

INTERIOR  BALLISTICS 

SECTION  ONE 

GUNPOWDER  AS  THE  SOURCE  OF  ENERGY 


CHAPTER  I - GENERAL  INFORMATION  ON  GUNPOWDERS 
I . TYPES  OF  POWDERS 

Modern  gunpowders  belong  to  a group  of  smokeless  colloidal 
powders.  Black  powders,  used  at  the  time  of  the  invention  of  gun- 
powder, are  now  used  in  artillery  only  in  the  capacity  of  igniters, 
in  priaer  cups,  in  rings  of  time  fuses,  and  also  in  shrapnel. 

Smokeless  powders,  which  appeared  almost  simultaneously  in 
France  (Vel)  and  England  (Nobel)  during  the  1880r@  and  1890 fs, 
were  rapidly  adopted  in  all  countries.  Their  introduction  greatly 
modified  all  artillery  materiel  and  combat  tactics. 

The  basic  properties  of  smokeless  powders  are:  considerably 
greater  energy,  and  an  ability  to  burn  in  parallel  layers,  which 
permits  regulation  of  the  influx  of  gases  forming  during  the 
combustion  of  powder. 

The  main  base  of  all  mmokelesa  powders  is  pyroxylin,  or  nitrated 
cellulose . In  this  connection,  a dlwlslon  in  made,  aa  respects  tbe 
degree  of  nitration,  into  highly  nitric  pyroxylin  or  Wo.  1 (nitrogen 
content  13.9  to  13.3%);  lower  nitric  pyroxylin  or  Wo.  2 (nitrogen 

content  11.9  to  13.3%),  and  collodion  (~11%). 

-!  STAT 
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Pyroxylin  Mo.  1 i«  also  called  insoluble,  because  It  is 
practically  insoluble  in  a mixture  of  alcohol  and  ethyl  ether. 

Pyroxylin  Mo.  2 is  called  soluble,  because  it  dissolves  almost 
completely  in  the  sane mixture. 

In  many  countries.,  a nlxture  of  pyroxylins  Mo.  1 and  Mo*  2 
is  used  for  the  production  of  gunpowder  (for  example,  in  our  country 
and  in  Prance)  • 

In  the  powder  is  manufactured  with  a so-called  pyrocollodion 

base.  The  latter  ranks  between  Mo.  1 and  Mo.  2 with  respect  to 
nitrogen  content  <12.6  to  12.70%).  It  is  however  entirely  soluble 
in  an  alcohol-ethyl  ether  mixture. 

Developed  by  D.I.  Mendeleev  as  early  as  1890,  pyrocollodion 
gelatinises  very  well,  and  provides  a more  homogenous  powder  sub- 
stance than  the  powder  containing  insoluble  pyroxylin. 

When  subjected  to  the  action  of  an  alcohol  and  ethyl  etber 
mixture  of  a given  ratio,  the  pyroxylin  will  gelatinise  under 
pressure  and  become  a colloid. 

▲ mixture  of  pyroxylin  with  a solvent,  so  as  to  form  a paste, 
can  be  given  any  form  (strip,  tube,  rod,  etc.)  through  extrusion. 

Pure  pyroxylin  powders  are  prepared: 

n)  Prom  a mixture  of  pyroxylin  Ho.  1 and  Mo.  2 (mixed  pyroxylin) ; 

b)  Pies  a pyrocollodion; 

c)  From  erne  pyroxylin  Mo.  2 (for  Special  purge  see) . 

In  addition  to  pure  pyroxylin  g^ffpiis,  there  are  the  ee-ealled 
nitroglycerin  poofters.  The  latter  OUftilpfem  from  28  to  80%  of 
nitroglycerin,  the  rose  In  dor  ceam&a&JU|g  ftd#yrexyllm  and  a small 
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quantity  of  various  admixtures. 

Up  to  the  first  imperialistic  world  war  of  1914  to  1913,  the 
nitroglycerin  powders  were  divided  into  two  basic  groups . the 
ballistites  and  the  cordites.  They  differed  in  their  contents  02 
the  elements,  the  quality  of  the  pyroxylin,  as  well  as  the  solvent 
gelatinizing  the  powder. 

Ballistites  are  prepared  with  a soluble  pyroxylin,,  mainly  a 
colloid  with  a small  nitrogen  content.  Nitroglycerin  is  used  as 
the  gelatinizing  agent.  In  the  preparation  of  the  powder,  the 
substance  is  flattened  out  under  hot  rollers  and  cut  into  cubes  or 
rectangular  strips. 

Cordites  ar©  prepared  with  an  insoluble  (highly  nitric) 
pyroxylin,  with  acetone  serving  as  the  solvent.  It  is  extruded 
in  the  form  of  cords  or  tubes. 

The  first  specimens  of  cordite  contained  up  to  58%  of  nitroglycerin 
(cordite  K-l) ; while  later  specimens  contained  from  25  to  30%  (cordite 
im  - modified)  . 

Smokeless  powders  have  a significantly  higher  energy  as  compared 
with  black  powders.  At  the  sane  tiee  they  have  one  substantial 
disadvantage.  . Being  prepared  with  an  ethyl  ether-alcohol  eolvent 
or  with  acetone,  they  cont.ln  eo~  quantity  of  this  free  eolvent. 

In  this  connection,  depending  upon  steoepheric  conditions,  tbs  oolwont 
can  evaporate  fro.  the  powder,  or,  vice  versa,  the  powder  can  absorb 
uoi.tnre  fro-  the  nir.  Such  variation,  in  the  content  of  volatile 
eubetance.  are  reflected  quit,  sharply  in  the  belli.tic  qualities. 

These  properties,  volatility  and  hygroscopiclty.  of  comou  pyroxylin.. 

prepared  fro-  a volatile  eolve.t  and,  to  a l.—r  degree,  mitro- 

3 STAT 
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glycerin  powders,  sake  It  necessary  to  store  the  powder  in  waterproof 
packing  and,  whenever  possible,  at  a constant  temperature. 

Beginning  with  the  first  world  war  and  subsequent  to  it,  there 
appeared  a powder  prepared  without  a solve  at  or  with  a non-volatile 
solvent*  Asong  powders  of  this  type  we  count  a powder  prepared  fron 
a mixture  of  pyroxylin  and  trotyl.  This  powder,  when  heated  and 
subjected  to  high  pressure,  will  gelatinise  and  can  be  well  pressed. 

A powder  consisting  of  pyroxylin,  nitroglycerin  and  an  admixture 
of  nltro  derivatives  of  the  aronatlc  series  (dl-nltro- toluol,  di- 
al tro-bennene,  centrallte  and  others)  also  belongs  to  this  type. 

These  powders  are  non-hygroscoplc,  non-volatile,  and  have  a 
cooperatively  low  ignition  tesperature.  They  are  such  simpler  to 
produce,  and  therefore  find  increasing  utilisation  in  nune roue 
countries. 

Di-nitro- glycolic  and  nltro -guanidine  powders  appeared  in 
Germany  during  the  period  of  the  Great  Homeland  War  (World  War  II), 
because  of  the  existing  shortages  of  raw  materials. 

Insofar  as  pyroxylin  is  obtained  by  the  nitration  of  cottoa 
with  a mixture  of  nitric  and  sulfuric  acids,  and  the  free  acid 
remaining  in  the  pyroxylin  gradually  decomposes  it,  a complete 
refining  of  the  latter,  for  the  purpose  of  eliminating  the  acid, 
comprises  one  of  the  main  operations  in  the  production  of  pyroxylin. 
However  because  traces  of  acids  will  remain  after  the  preparation 
of  the  powder,  and  will  affect  its  keeping  qualities,  about  1 to 
2%  of  a stabiliser  is  suitably  mixed  into  the  powder  for  the  purpose 
of  neutralising  the  action  of  the  acids.  This  stabiliser  combines 
with  nitric  oxides  and  neutralises  them.  The  most  commonly  wsedA 
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stabilisers 
urea)  - 


are  di— phenyl—aniae  and  ceatralice 


-di-phenyl- 


9 GENERAL  PROPERTIES  OF  POWDERS,  THEIR  F 01111, 

DIMENSIONS  AND  TYPES 

Smokeless  powder  is  a colloidal  substance,  a gel,  and  is 
similar  in  its  external  appearance  to  celluloid.  It  is  semi -transparent 
or  opaque,  depending  upon  the  composition  of  the  powder  and  the 
thickness  of  the  material.  The  usual  color  of  pyroxylin  powders  is 
grayish  green.  The  color  of  the  nitroglycerin  powders  is  brown. 
Stabilizing  admixtures  stain  them  into  various  colors  (yellow,  red, 
black).  Pyroxylin  powder  is  harder  than  nitroglycerin  powders,  the 
latter  being  more  soft  and  elastic  as  a result  of  the  presence  of 
liquid  nitroglycerin. 

The  surface  of  a powder  nay  be  rough,  dull  or  polished.  Fine- 
grain  powders  for  small  arms  are  for  the  most  part  coated  with  graphite 
to  increase  compacting  and  to  reduce  electrification  of  the  powder 
as  a result  of  friction.  In  this  way,  their  surface  takes  on  a shining 
black  color  resembling  by  its  appearance  black  gunpowder. 

The  form  of  powders  is  usually  varied:  strips,  rectangular  sheets, 
blocks,  cubes,  short  and  long  tubes,  grooved  grains,  etc. 

Powder  in  the  for*  of  thin  square  flakes,  or  beads  with  a hole 
through  them  are  used  for  small  arms.  The  ratio  of  a side  of  the 
square  of  a flake  to  the  thickness  varies  fro-  5 to  10.  The  length 
oi  a bead  with  a hole  through  it  is  5 to  lO  tl.es  its  wall  thickneaa, 
while  its  inner  dia-eter  1.  fro-  half  to  the  entire  wall  thick-#—, 
powder  for  weapons  of  or  -din-  caliber,  with  cartridge  loadl-g 

hsve  the  for-  of  long  tubes  (-acaronl),  with  n rntio  of  the  lemgth 
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to  wall  thickne*.  fro*  lOO  to  300,  or  they  -ay  be  la  the  for*  of 
abort  cylinder*  with  either  one  or  **w*n  hole*  through  the*  <*ee 
further  for  detail*).  Both  of  th*  two  latter  for**  are  called 
granular  powder*.  Their  length  1*  8 to  16  tl*e*  greater  than  the 
wall  thick****.  (Grain.  of  rifle  powder*  are  appropriately  ehorter.) 
Powder,  in  the  for-  of  lonrt.be.,  •ither  *«r  the  ..tire  length  of 
the  gun  chanber  or  In  two  aenl-charge*  for  half  of  the  gna  chanber, 
are  used  alaoat  exclusively  for  weapon*  of  larger  caliber  with 
indiwidual  loading.  Since  the  loading  of  tho*e  weapon*  la  performed 
lndlwldually  and  auto*atically,  and  th*  weight*  and  role***  of  the 
charge*  are  larger,  it  1*  inportant  to  haw*  a aturdy.  Inflexible 
charge.  Thl*  requirement  1*  fully  *atl*fl*d  by  a bundle  of  tightly 

bound  tubt*. 

The  quantity  of  ga*e*  formed  during  burning  ol  the  powder,  end 
the  rat*  of  their  fomatlon,  depend  on  the  weight  of  th*  charge  and 
the  nunerlcal  rain*  for  the  aurfac*  of  th*  powder.  Th*  latter 
depend*  on  the  thick*.*,  of  th.  powder  and  It*  fom.  Th.  nailer 
the  grain*  of  the  powder,  the  larger  their  aurfac.  1*  in  a giren 
weight  of  the  charge;  the  larger  th.  quantity  of  gm*e*  fomlng  in 
unit  of  time,  the  higher  1*  the  rat.  of  powder  co-bu.tlon.  The 
X.r«.r  the  caliber  of  the  weapon  and  it.  length,  the  longer  .howld 
the  actio,  of  ga*e.  on  the  ban  of  the  projectile  la.t  in  order  to 
provide  It  with  a glwen  Telocity,  •«*  the  coarnr  .held  th.  powder 
be.  wall  thick*...  wane.  fro.  0.1  - for  pl.tol  powder,  to 

6 — for  powder,  for  the  354  am  <14  Inch..)  gun.-  1 porow.  fine 
powder  1.  need  for  pl.tol*. 

^ ± powder.  In  onhir  “to  obtain  a given  fom  of  powder, 


6 


1 STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


the  substance  is  forced  through  perforations  (of  a die)  by  means 
of  a press.  Strip  powders  are  made  either  by  flattening  under 
rollers  and  subsequent  cutting,  or  by  forcing  through  a flat  slot. 

In  order  to  illustrate  the  preparation  of  powders  with  channels, 
a schematic  drawing  is  shown  below  of  a die,  through  which  tubular 

powder  is  pressed  (figs.  3 and  4). 

The  powder  mass  is  contained  in  the  space  between  the  plunger 
A and  the  plate  die  BB.  Under  the  pressure  of  the  plunger,  the 
saass  is  forced  through  the  openings  in  the  die  BB  and  surrounds 
the  attached  pin  C.  The  holes  in  the  die  are  symmetrical  relatively 
to  the  pin,  and  are  designed  in  a manner  such  that  their  total 
area  is  larger  than  the  cross-sectional  area  of  the  cylindrical 
portion  d-d . 


rigm.  3 and  4 - BiAgram  of  Die  for  Premmimc  Powder 
1)  Bottom  view  at  d-d;  3)  top  view  of  tho  die  plate, 
in  view  of  the  fact  that  the  plunger  4 moves  daw award,  the  mams 
i»  extruded  in  the  shape  of  tubes,  which  are  brotem  off  from  time 
. timm . Later,  the  latter  are  dried  in  the  open  air  to  eliminate  the 
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Nitrogen  Content 

To  characterize  a powder  with  respect  to  nitration,  it  is 
necessary  to  know  the  nitrogen  content  in  1 gran  of  pyroxylin  powder 
This  is  usually  expressed  in  percent  or  in  cn3  NO  (nitric  oxide) 
corresponding  to  1 gran  of  pyroxylin  powder.  (*)  The  nitrogen  content 
affects  the  energy  of  the  powder,  as  well  as  its  rate  of  coabuitioa. 
The  greater  the  content  of  nitrogen  is,  the  stronger  is  the  powder 
and  the  nore  intensively  it  will  burn.  On  the  average,  the  nitrogen 
content  in  pyroxylin  fluctuates  within  the  range  of  11.8  to  13% 

(K  - 1U.6-3M  c«3  *0/8  of  powder)  . 

Content  of  Volatile  Substance  in  the  Powder,  Expressed  in 

Percent 

In  a physical  chenical  analysis  of  powder,  not  only  the  total 
content  H of  volatile  substances  is  determined,  bat  also  its  component 
parts.  Namely:  volatile  substances  removable  by  means  of  8 hoars  of 
drying  at  a temperature  of  96°C  (h%),  which  are  usually  considered 
to  be  the  humidity  contained  in  the  powder,  and  then  these  inseparable 
by  six  hoars  of  drying  (h  r%)  which  are  attributed  to  the  alcohol-ethyl 
ether  solvent  remaining  in  the  powder  mass  and  gelatinising  the  pewder 
The  valse  I is  usually  related  to  the  thickness  of  the  powder, 
and  the  thicker  the  powder  the  higher  will  H be.  In  thin  powders  M 


» 
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equals  3.0  to  2.6%;  in  powder.  with  a atrip  thlckaaaa  of  about  1 
uo,  4.0%;  la  wrjr  thick  powder.,  with  a thlckaaaa  up  to  6 wm, 
■ roaehos  up  to  7%. 


Tho  value  I aalaly  affoeta  the  rate  of  coabustloa  of  a pom 
The  bicker  ■ is,  the  slower  the  powder  burns.  Tho  variation  of 
aoloturo  content  la  a ponder,  loan ; of  ataoapharle  conditions, 

omm  °*  thm  uaia  defects  of  pyronylia  powders  haviac  a volatile 
solvent. 


boodor  la  a low  explosive;  therefore,  all  physlcal-chsaloa 1 
properties  of  explosives  had  their  characteristics  are  also 
applicable  to  powders.  These  eharacterlatles  are: 

daaatltr  Si  — »*  (Q,  Cnl/kc)  salt  ted  in  tho  ciosbootloa  of  1 kg 
of  powder,  aad  la  COoliap' the  Caoos  to  the  teaperature  of  1S°C.  This 
characterlatlc  la  the  aost  eaaoatial  one,  insofar  as  at  tbs  instant 
of  dlecharse  the  cheslcal  energy  is  converted  Into  tberaal  energy, 
aad  the  latter  Into  aechanlcal  energy.  Aleo,  the  larger  Q ia, 
the  higher  ia  tho  teaperature  ef  powder  gases,  and  the  greater  la 


xne  signer  is  xne  teaperature  or  powder  gases,  and  the  greater  Is 
the  aechanlcal  work  which  they  can  perform. 

As  a rule,  Q is  dots raised  by  a teat  In  a calorlaetrlc  boab. 
Id  this  connection,  the  following  asst  be  taken  Into  consideration. 


Tho  ctlorlMtrlc 


id  In  ontor  nt  a 


fitirt  of 


15°C.  Tho  toaporntnro  of  on  tor  rlooo  nt  tho  Instant  of  Ignition 
by  only  a for  dogroon,  undor  tho  of  foot  of  boat  onltted  la  tho  boob, 
and  aftor  that  It  boglna  to  drop. 

Tho  toat  in  conducted  for  n ported  of  5 to  10  ml  notes.  Conopqop«tly„ 
If  wator  T*por«  aro  pronont  in  tho  products  of  tho  oxploolon,  thorn 
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"they  will  proceed  to  condense  and*  iia  this  muniier,  the  quantity  of 
heat  determined  in  the  test  will  relate  to  water  in  the  liquid  form 

rather  than  vapor  for*.  Actually,  the  water  is  in  a vapor  state 
at  the  instant  of  ignition  or  explosion,  and  the  equation 


-}-  620 


100 


inO  vapor 


H20  liquid 


1®  used  for  its  determination  (where  n represents  the  percentage 
content  of  water  in  the  decomposition  products  of  the  powder,  620 
is  the  quantity  of  kilocalories  absorbed  in  the  condensation  of  1 
kg  of  water  vapors  and  reducing  their  temperature  to  15°C) . 

Because  the  water  is  in  a vapor  state  at  the  Instant  of  explosion 
or  discharge,  the  actual  quantity  of  heat  emitted  in  this  connection 
Is  expressed  in  this  way: 


620 


100 


If  we  convert  all  the  quantity  of  heat  emitted  in  a 

combustion  of  1 kg  of  powder,  into  mechanical  energy  by  multiplying 
by  tbs  mechanical  equivalent  of  heat  E - 4270  kgdm/cal,  them  the 
res mltamt  value  P - ^ dill  represent  the  potential  energy  of  tbs 
pe#der,  or  the  work  it  eomld  perform  if  all  its  emitted  heat  would 
com  vert  into  mechanical  work*  This  value  is  called  the  potential 
of  the  powder. 

3 x 

To lume  of  Oases  w1#  dm  /kg.  formed  in  the  combustion  of  1 kg 


11 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


powder,  and  occupied  by  then  at  a prMnn  of  760  at  and 
temperature  of  0®C. 

oortaatlaa  of  powder  la  a ealorl— trie  or 
aaaoaetrlc  boab,  pan  aay  be  coadeeted  late  tee  gaaoMtor, 
their  voluae  map  ho  aoasarod  at  atoaophorle  prosoare  aad  i 
perature  of  16°C.  The  letter  aay  then  he  redwood  to  0°C. 
th*  wat*r  prooeat  la  a waporoaa  atate  will  ooadeaae  late  a lipid 
and  the  Toluae  of  gaaea  aeaeured  la  the  •aoaooter  will  he  omller 
than  the  actnal  walaaa,  if  the  water  woo  la  the  fora  of  a waper. 
Therefor*,  the  wolwoe  of  paaoe  determined  la  the  paenaetei  refera 
to  liquid  water 

' 'X 


f *1  Y 

y 3*0  liquid J 


liquid 

Wor  comnioft  to  the  gu  yoIou  which  they 
thm  water  were  in  the  font  of  i Taper,  the  fenula 

+ 1340 


Id  occupy  if 


lOO 


W1  W1 
V vapor  HgO  liquid 

lu  and  (where  n in  tho  percent  of  water  wapor  content  in  the 
mixture,  1240  dm3  lu  the  volume  vhlch  would  be  occupied  hy  owe  hf  of 

water  vapor  at  atmospheric  prewure  and  0°C) . The  volu me  of  g r 

wx  hae  great  el  gulf  leamce,  becauee  the  greater  it  ie,  the  greeter  lo 
the  amount  of  work  which  cam  be  pirfniMl  by  the  pees  la  the  gum. 

Toopora turd  of  quglootvo  dencmaueultiou.  or  the  teqperetuie  of 
the  powder  at  the  time  Tx,  of  flrlmgp  l.e.f  temperature  peuouuood 
by  powder  gaeeu  forming  during  the  reeibuetlea  at  the  lnetant  of 
their  formation.  It  lu  me auu red  on  tho  ahuelute  scale . 


the  temperature  of  the  gaaea  is,  the  greater  iu  the 

wort  which  they  can  perform  in  a discharge. 

12 


■at  of 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


The  value  T is  usually  not  determined  directly  during  a test, 
in  view  of  its  large  magnitude  and  the  short  duration  of  powder 
combustion.  It  is  determined  indirectly.  This  requires  knowledge 
of  the  quantity  of  heat 

<*w 

HgO  vapor, 

the  composition  of  the  gases,  their  heat  capacity,  and  their 

variation  with  the  temperature. 

Composition  of  gases  and  their  heat  capacity.  An  analysis  of 

the  gases  after  powder  is  Ignited  in  a calorimetric  bomb  shows 

that  the  main  bulk  of  gases  from  pyroxylin  powders  Is  composed  of 

the  diatomic  gases  CO,  H2,  H2,  triatomic  CO2  and  (is  the  form 

of  vapor),  and  also  a small  percentage  of  metane  Ctt4  and  ammonia 

HH  . The  ratio  of  these  component  parts  varies  somewhat,  depending 
2 

upon  the  compactness  of  loading.  It  is  necessary  to  state  that 
-I  ..4  a nCAB  iS  TlOt  made  at  the  moment  of  combrnstloa,  bat 


an  analysis  of  gases  is  not  made  at  the  sosent  of  combamtlos,  but 
later,  whon  the  gases  cool  off.  Therefore,  the  composition  of  the 
gases  also  depends  on  secondary  reactions  between  the  basic  gauss, 
while  these  secondary  reactions  nay  thesaelwee  depend  os  the 
compactness  of  loading  and  tbs  conditions  of  cooling. 

tbs  composition  of  tbs  gases,  it  is  alms  ammemmary  to 

know  tb.  — * eosenitw  of  ■— S “ *****  ***toti~ 


know  tho 


with  tbo 
pore taro. 


Mai linr 
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of  tkt  kMt  'cayaaity  of  gaaaa  e. 


aay  la  t tint  ayyrariaatiaa  ka  • 


a.  - a + kt. 


k ara 


ky  a llaaar  taaetloa 


m tkk  awn  tint  «k 


ter  ’ trlatnti 


ter  all  illtaalc  cun>  *Pf  w 

At  tea  Waaaat  tiaa,  a -arte,  a*  Wry 
ara  MaSUO*  far  tea  kaat  *»■•«?• 
teaary  af  kaa*  “»“«T  K**  ***•  e0am 


,ta  teraalppa 


ttlaa  at  ataaa.  xa 


tea  aa; 


irlaal 


i*a  twin). 


kaat  aayaafty  la 


far a af 


aarlatteaa  af  kaat 


aWttaaa  af  a 


off  ta  a 


ika  iaataat  af 


».  Xa 


▼ariatlaaa,  til 


_ • + kt  - A 


wblefc  aa  alaa  akall  « 


aa  &a  tea 


(jar  aara  auila, 
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To  determine  the  temperature,  we  utilize  the  equality 

dQ  - • dt 

Substituting  - a + bt,  we  obtain 

dQ  - (a  + bt)  dt. 

By  integrating  we  obtain 

Q - j*  (a  + bt)  dt  - at  + — . 

O 

From  this  quadratic  equation,  we  determine  t: 
b a 

— ta  + at  - Q - 0; 

-a  ± \/wfl  + 2bQ 

t - . 

b 

Ve  aelect  the  plum  sign  before  the  radical,  since  minus 
in  a negative  temperature. 

Here  we  have  exemplified  the  method  of  determining  the 
for  given  values  of  n and  b,  pertaining  to  any 
a mixture  of  gases  the  values  a aad  b will  he  individual  for 
gas,  and  any  be  determined  as  follows. 

Mmmmmm  that  the  values  of  coefficients  a aad  h for 
mill  he: 

H»  *1* * ai 

*1#  hgf  k|i«****i  h**^4#* 

relative  parts  by  vsight  for  esoh  gni 

^ ' *1 ' 

Id 


KltS 


r,  for 
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different  values  for  a and  the 

Since  various  authors  submit  d 

..  j, o.  listed  formula  vary  up  to 

temperatures  computed  by  the  a 
10% 

' .«»„«.  ..unions  are  .b~l~»l=  by  ..  bppuc.l.b  »*  «. 

quantum  theory- 

in  view  of  the  fact  that  interior  ballistics  equations  als 
include  the  — of  powder  charge,  as  well  as  their 

of  their  physical  characteristics,  ia  the  specific  we  g 
of  powder  cf  - The  denaity  of  powder  varies  within  very  narrow 
^HT^ro.  1.63  to  1-56;  and  on  the  average  it  is  — in 
approximate  co-put. t ions  to  he  -dual  to  1.6.  The  den-ity  of  powder 

ziT«rr. w - — - >* - — “ i-° -"i 

the  pyroxyliu  amd  nitroglycerin  powder..  For  pyroxylin  po  * 
daaaitr  dapend.  on  the  content  of  volatile  auhetaace.  ■ (the  higher 
H th._all.r  i,.  Fowdera  with  a noa-vol.til.  — have 
^1.09,  with  V dependent  on  the  condition,  of  premia.:  the 
wreater  the  pr«—re  of  pre.-i-g,  the  greater  1.  the  . 

ppw  black  poWdere,  cT  vari.e  between  1.50  and  1.30.  X.  extr.ee 

cues  It  — 1-®°- 


per  Fyro- 
xylia  


Felt 


900— 0T0 
3800-9500 


Per  Mitre- 
glyeerln 


1100-1900 
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as  c,  di-butyl-phthalate  as  d,  vaseline  as  v,  separable  volatile* 

as  h,  inseparable  volatiles  as  h ' , di-pbenyl-anine  as  s,  c*mp*OT 
as  4>  and  graphite  as  g,  then  the  fornulss  of  Sheklein  fill  yield: 

_ 730  + 148.5  (N  - 11.8)  + 9-41  n - 28.5  c - 24.3  d - 37.  5 v 

13.6  h - 26.7  h'  - 31.0  B - 32.5  4 - 42.0  g, 
where  730  represents  the  heat  of  explosive  decosposition  of 
pyroxylin  having  a nitrogen  content  of  11.8%. 

Wl  _ 944  - 47.3  <H  - 11-8)  - 2.45n  + 14c  + 12d  + 23v  + 3.4b  + 
+ 16 .9b*  + 14.6b  + 17.4  4+  10*. 


where  944  represents  the  volune  of  gases  forming  daring  the 
contrast ion  of  pyroxylin  having  a nitrogea  content  of  11.8%. 

TjoK  _ 37900  + 375  (8  - 11.8)  + 28  n-71  c-59  d-lOO  V-»4  h- 


of  the  explosive 
soa teat  of  11.8(1. 


-88  h* -88  s-»2^-126g. 
where  2790°  corresponds  to  the  tesgerst* 
decompose t ion  of  pyroxylin  having  a 

»,  BAi*i8nc  rmmmuaa  m 4d.innmn  , 

Ballistic  properties  of  g»W«*>  fa  the  tern  applet#  **■ 

» — - - - -f  * 

**  *“  1"-*  * ! 

cobb taut  •!»••* 
hr  a definite  pattern  to  the 


the  others 
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powder. 

By  Modifying  the  properties  of  the  powder  in  a manner  increasing 

w,  and  T , it  is  possible  to  also  increase  the  energy  of  the  po.der. 

Th.\.r*  "energy"  appears  to  be  a sort  of  historical  survival, 
and  does  not  truly  define  the  aaount  of  work.  However,  since  it 
ha.  been  saintained  in  ballistics,  we  shall  continue  to  use  it  in 

our  trout 

a in  ds3/kg.  1=  the  presence  of  great  pressures,  such 
a.  develop  in  the  combustion  of  powder  in  bombs  and  weapons,  gas 
densities  become  so  great  that  the  gaseous  molecule,  by  themselves 
occupy  a liberally  signifieaat  part  of  the  space  is  which  the 

„ occurs.  I.  Physics,  this  is  explained  by  the  introduction 

of  a value,  proportional  to  the  wolume  of  gam  molecules  and  equal 
to  the  sms  of  volumes  of  sphere,  of  influence  of  each  molecule,  in 
t„o  equation  for  the  state  of  the  aggregation  of  gases,  yan-der- 

tfcals  ii  i that  the  volume  of  these  spheres  of  influence  is  equal 

to  the  quadruplicated  volume  of  the  molecule,  the— lw.. 

»!.  value  is  called  the  "covolu- - " It  is  sp~ifi*  tor  a give, 
type  O*  powder,  proper tio a.  1 to  the  volume  of  gas  molecules,  and 

exerts  influence  on  the  value  for  pressure. 

qp  util  ass—  that  covolu—  i»  * proportional  to  the 

solus*  mt  —1—1-  of  ga—  formiag  during  the  o— bustioa  of  1 kg 


(It  is  ei 


la 


dm® /kg. ) 


itio  of 


OOfOll 


of  a *i*om 


at  a 


of  ?•©  mm, 
tool?; 


varioa  with! a 


foliat  at  0°c 
raw  llalta  for 
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STAT 


The  rate  of  combustion  u ^ for  pyroxylin  powders  possesses 
values  from  0.060  to  0.090  u/sec  at  p ■ 1 kg/cm2,  depending  on 
the  content  of  volatile  substances. 

In  the  contrast  ion  of  powder  within  a constant  space,  the  energy 
f and  the  co volume  a exert  influence  on  the  value  of  the  pressure 
and  on  the  rate  of  its  intensification.  The  rate  of  combustion 
influences  only  the  rate  of  pressure  Increase. 

The  value  ux  of  the  rate  of  combustion,  when  related  to  the 
pressure  p - 1 has  a compound  magnitude  dm/sec;  kg/dm2. 

All  these  characteristic  f,  o sad  ux  depend  upon  the  suture  of 
the  powder. 


Table  4 - Value*  f,  a and  ux  tw  Various 


f in  kgdm/kg 


770. 000- 960, 000 

000,000-1,200,04 

200. 000- 300, 000 


ux  in  Os/sec:  kg/dm2 


0.0000000-0.0000000 

0.0000070-0.0000100 


The  lust  ballistic  characteristic  depends  upon  the 


i tries! 


data  of  the  powder.  This  chart 
of  powder  grains,  and  tbs  rwlal 
the  ratio  of  tba  Initial  nrtM 


is  the 


form** 


surface  ef 


to  its 


principle  of  gns  format lea  am 
combust  loo  ef  powder  depend  S| 
Chief  tupsrtauee  in  mttri 
thicknens  ef  the  strip  or  the 


in  the 
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With  a given  composition  of  the  powder,  we  can  regulate  the 
process  of  pressure  increase  and  the  magnitude  of  the  pressure 
by  varying  A , the  dimensions  and  the  form  of  powder-  .The  dimensi 
and  form  of  powders  are  varied  because  it  ±b  necessary  in  each 
case  to  select  the  dimensions  of  the  powder  and  the  weight  of  the 
charge  for  the  gun,  in  order  to  obtain  the  required  muMle  velocity 
of  the  projectile,  under  condition©  in  which  the  pressure  will 
not  exceed  a given  fixed  value  governed  by  the  strength  of  the 
barrel  wall. 

The  ballistic  characteristics  will  be  discussed  In  greater 
detail  in  Section  II- 
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and  conditions  of  charging  on  the  development  and  process  of  gas  pressure, 
The  latter  is  in  itself  a very  important  factor,  affecting  the  rate 

of  formation  of  fptiMBB. 

Pyroststics  presents  the  methodology  of  the  ballistic  analysis 
of  gunpowders,  i.e.,  the  methodology  for  determining  the  ballistic 

characteristics  of  the  powder. 

Knowing  the  ballistic  characteristics  of  a powder  and  the 
principles  of  Its  combustion  in  a constant  space  at  a given  process 
of  pressure,  it  is  possible  to  account  for  the  principles  of  gas 
yor^ftion  and  pro  as  ure  development  under  the  even  more  complicated 
conditions  of  a discharge,  with  an  occurrence  of  projectile  motion 
(pyrodyaamica) , and  a variation  of  the  volume  and  performance  of 

exterior  fumotioms  by  the  gases. 

In  gammer,  pyroatatica  offers  a source  of  knowledge  and 

fundamental  data  necessary  for  a comprehension  and  study  of  the 
■ore  complies  ted  phenomena  occurring  daring  n dlncharge. 

imtrasats  la  which  the  principles  of  gas  formation  during  a 

■-.«<«.  of  pswdar  la  a constant  space  are  investigated,  are 

called  names* trie  bombs.  In  view  of  the  fact  that  in  the  course 

of  the  a Shall exposition  of  pyrostntics  it  will  he  necessary 

to  take  experimental  materials  as  a basis,  a description  of  the 
•f  the  meat  typical  mmmemstrle  bomb  is  included  hero  for 
mt  1— ding  clarity  to  statements  on  obtaining  such 

material » 

la  a lahax ataxy  instrument  eerwlag  for 
porpgga  w opssmmang  mv  dmgaltnde  and  character  of  tbs 

by  games  formed  during  the 
sr  or  ■■plnalna  inside  a constant  enclosed 
*T 
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The  rod  p moves  within  the  duct  of  the  crusher  cap  C,  and 
transmits  the  pressure  of  the  powder  gases  to  the  crusher  column 
k.  The  latter  is  mad©  of  electrolytic  copper.  Its  other  end 
is  placed  against  the  head  of  a screwed-in  plug  which  serves  as 
an  anvil.  A small  centering  rubber  ring  n is  placed  on  the  crusher 
to  obtain  coincidence  of  its  axis  with  that  of  the  rod.  The  head 
of  the  rod  r,  adjacent  to  the  crusher,  has  an  outwardly  protruding 
extension  r*  which  moves  in  a lateral  guide  slot  in  the  head  of 
the  rod  cap.  A light  steel  pen  point  s is  fastened  to  the 
extension.  It  registers  the  travel  of  the  rod  am  a function  of 
time  on  smoked  paper  glued  to  the  drum  of  the  chromograph. 

The  copper  obturating  rings,  d,  d,  servo  to  prevent  the  escape 
of  gases  between  the  walls  of  the  bomb  and  the  screwed-in  caps, 
while  the  portion  of  the  duct  e which  borders  with  the  rod  is  filled 
up  with  a mastic  to  protect  the  rod  from  the  Immediate  effects  of 
high  temperature  gases. 

The  bomb  6 is  fastened  in  a special  clamp  tt  sear  the  drmm  S 
(fig.  6),  in  order  for  the  pen  point  to  tomeh  the  smoked  paper 
omly  lightly,  and  when  the  drum  revolves,  to  mark  on  the  latter 
a thin  straight  line  parallel  to  the  base  of  the  cylinder  (as  on 


fig.  7). 

The  tuning  fork  K is  located 
It  is  caused  to  vibrate  by  tbs 
e,e,  which  attrmet  the  arse  of 
JLtm  to  om  *f  tto  latter's 

strip  of 


► of  the 
of 

A this 
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Prior  to  tbo  asparlMut,  tt*  drum  of  th*  chronograph  J M pot 
into  rapid  retetlM  by  doaoo  of  mm  oloctrle  motor  1 or  * 
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tbo  faw. 


itoolf  lfottM  lb*  obargo  of  pottor  locato*  1*  *bo 
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««-  » - 


prodacod  darlog  tbo 


tbo  rod  to 


tiOB  Of 


Xhm  pom  polot  of  tbo  rod  plots  tbo.  oaoproaoloo  earoo  m»  itig.  f>  to 
^yoooT^OM^aoo  avttb  tbo  proeooo  of  prooomro  ljfcoroooo  * df tor  tbo  oaa^t^o4 

ood  tbo  poo  polot  draws  • straight  lias  bb  porallol  to  tbo  ftblttol 

amrm  (to  oiotaacs  botwooa  both  of  tbooo  straight  Hot  lo 
lloo  • osrs,  mmm  ■ 
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»f  tiao  bar 


a boat  tbo 
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we  can  determine  on  the  circumference  of  the  drum  the  length 
corresponding  to  0.001  second  at  a given  speed  of  drum  rotation. 

In  this  way  we  obtain  a time  scale  for  measuring  the  crusher 

compression  curve. 

After  completion  of  the  test,  the  paper  with  the  sinusoidal 
curve  and  the  crusher  compression  curve  is  taken  off  and  coated 
with  lacquer.  After  the  drying  process,  the  curve  is  measured 
under  a comparator  microscope. 

The  pattern  of  the  curve  and  of  the  sinusoid  is  shown  in 

fig.  7. 

After  measuring  the  compression  curve  obtained  at  suitable  time 
intervals,  the  compression  of  the  crusher  is  determined  as  a function 
of  time. 

Then,  in  a given  test,  the  dependence  of  powder  gas  pressure 
increase  on  time  (curve  p as  a function  of  t)  is  obtained  on  the 
i of  the  dependence  of  crusher  compression  on  the  magnitude 
of  the  pressure,  the  latter  having  been  previously  determined 
experimentally  in  a press. 

Ii  this  way  we  can  determine  not  only  the  maximum  pressure 
develeped  by  the  gases  of  a charge  of  given  weight  (for  a given 
d9a0lty  ef  loading) , but  also  the  pressure  increase  relatively  to 
t1lf  that  is.  Just  those  values  which  depend  on  the  ballistic 


ohasastswiatias  ef  a gunpowder. 

Consequently,  If  we  fcsew  the  equate 
characteristics  to  the  law  sf  gas  press* 
ben*  tost  data  for  asy  glwea  pMd*r,  we  < 
mimes  ef  its  ballistic  characteristics . 


equations  relating  the  ballistic 


i,  asd  had  the 


, we  could  date  raise  the 


trleal 
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la  pTMatatlcs,  nlatlMaUpa  ara  also  koowo  kataaao  tko 
ballistic  aharactariotlco  •*  a povdar,  th.  coaditioa  of  tka  toot 


toot  data 
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rataa  of 
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a part  of  a ayliadrical  crvaksr  iota  a 
r.  This  typa  of  oraakar  ragiataro  pr«o 

/.  3 — _ __  4*  ‘ ^ Ml! 


■raa  fi 


0 to  T 


00  kg/ca*.  Zo  tkio  vay,  it  parolta  aat  oaly  tka  lavvstlgatloa 

ir  rT— tioa  fna  tka  vary  bagimaia#  to  it*  aad,  kat  also 

•f  tko  karoiop  of  tko  igaitar  ltoalf  aod  tko  proeaoo  of 
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At  the  present  time,  piezoelectric  manometers  based  on  modern 
achievements  in  electrotechnology  and  radiotechnology  are  also  used 
Still,  the  main  aspect  of  the  business  remains  thus:  the  process 
of  pressure  increase  is  registered  by  one  or  another  method.  Then, 
knowing  what  type  of  powder  we  deal  with  and  the  conditions  of  its 
combustion,  on  the  basis  of  the  pressure  increase,  we  can  determine 
the  rate  of  gas  formation  and  its  dependence  on  various  factors. 

2.  PRINCIPAL  PHASES  OP  COMPOST 10* 


In  the  combustion  of  powder  we  can  distinguish  the  following 
three  phases. 

tr<tiaa  of  the  powder.  In  order  for  the  powder  to  boooms 
Ignited,  It  mast  be  hosted  up  in  such  a manner  as  to  obtain,  at 
any  given  point  of  the  charge,  a temperature  higher  than  its 
Ignition  temperature.  The  ignition  of  smokeless  powder  occurs 
nt  a temperature  of  about  200°C.  Black  pwwdsr-withnn  ignition 
temperature  of  tbs  order  of  SOO°C,  however,  ignites  and  harms  SSSO 


vigorously.  After  the  powder  is  ignited, 
one  point,  the  combustion  reaction  proces 
of  the  heat  emitted  in  the  eombustloa  of 
♦«fc«  place  si^iltamsOusly : Ignition  of 
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the  rate  of  ignition. 

Smokeless  Powders  ignite  and  burn  in  the  open  air  considerably 

slower  than  the  black  powders. 

If  we  fasten  a strip  of  pyroxylin  powder  (or  a stick  of  nitroglycerin 
powder)  vertically  and  ignite  an  upper  corner  of  it,  the  strip  will 
burn  calmly  with  a yellowish  flame,  while  the  propagation  of  flames 
over  the  surface  of  the  strip  will  proceed  comparatively  slowly. 

In  addition  to  this,  the  burning  grains  will  form  an  angle  moms 
time  after  the  beginning  of  the  combustion.  This  angle  will  remain 
constant  to  the  end  of  the  combustion  (figs.  8a  and  b) . The  magnitude 
of  this  angle  depends  on  the  ratio  of  the  combustion  rate  of  powder 
to  the  rate  of  ignition. 

Assume  that  the  rate  of  combustion  equals  u,  the  rate  of  ignition 
u while  u * >u. 

If  we  Ignite  a strip  of  powder  at  one  corner  (at  the  point  a), 
them  It  will  burn  inside  at  the  rate  u,  and  on  the  surface  at  the  fit e «*, 
for  various  Intervals  of  time.  Assume  u*  - 2u.  Then  the  strip  will 
have  sequential  burning  surfaces  of  the  type  shown  In  fig.  8,  i.e., 

1-1*1;  6-8-8.  Beginning  with  the  surface  5-5-6, 

the  angle  nt  the  top  nalntalnn  its  magnitude  and  equals  two  times 

-qqjr,  the  ratio  of  rates  Is  u/uf  - sin  In  this  manner,  hewing 

mmam red  the  angled,  we  earn  determine  haw  man?  thane  the  rate  e*  * 
is  larger  than  the  rate  ef  oehhuetlem.  It  le  of  inf  reef, 
le  ell*  that  after  resell ag  the  eeuetaat  angle  (erlin  1*5-6}, the 
twmm  gfciT tealag  ef  the  etrlp  proceeds  la  uni*  tide  net  at  e 

qe^eetlea) , hut  at  af  (rate  of  lgaitiei}*  therefiere,  net  lag 


ties,  it  le  ef 


that  after 


1*5-6),  the 


<en> 
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riff.  * - Combustion  of  a Strip  of  Powder  in  tbe  Open  Air 


1)  Front  9)  ml do  view. 


Tbo  first  observations  ssd  expert  me nt ■ were  conducted  with 
black  powdor.  They  bars  shown  that  powder  burns  less  vigorously  In 
rarsflsd  atsssphsrs  on  high  aouatalms  than  at  tbs  foot  of  tbo 

souatalas.  Experiments  on  tbo  combustion  of  powdor  fssos  at 
war Iona  altltados  aad  at  various  karoos trie  prsssnros  vorlflod 
this  comeoptlom.  Thoms  oxpsrlaoats  ratals  tholr  slgmifleameo  ovoa 
at  tho  prossst  tins,  bocauoo  tbs  oaabsatlon  of  jinadsi  la  tlas 
fssos,  during  antiaircraft  firing  at  mortal  targets,  tabes  plane 
■sob  slower  thaa  la  flat  trajectory  firing. 
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At  an  increased  density  oi  loading  ( cF  ^ 1 . 70  - 1-72),  its 
particles  fit  closer  oso  to  .-other,  the  interstices  become  smaller, 
mad  the  dispersal  under  pressure  occurs  later.  Only  a wry  dense 
( cT  >>1.80)  does  mot  disperse  under  pressure,  and  tairns  in 

concentric  layers. 

Xu  this  may,  the  character  and  rate  of  combustion  of  bl.ck 
powders  at  higher  pressures  depends  on  the  density  , and  own  to 
a greater  degree  on  pressure.  The  rate  of  combustipa  1 me rea.es 
with  am  increase  in  pressure. 


which  he 
basis  ef 

If 


following  characteristic  of  parallel  layer  powder  combustion 
0 feneea  as  Pel's  characteristic,  was  determined  on  the 
tha  enperiuents  listed  above. 

MU  powders,  identical  with  respect  to  chemical  composition 
^ u similar  form  of  grain,  hut  of  different  dimensions, 
gl  is  a closed  space  with  the  same  density  of  loading,  and 
•ftftgM  of  total  uumhWtliea  are  related  to  os*  other  as 
llbast  Iiuuinu  or  as  their  ooefflclents  ef  similarity 


>,  if  in 


* ’ 7 . 

g the 

*$»•■*••*•* am 

Ip  a i 

m 

d its 

*;:m  mu.  and  is  tl 
m fhtio  of  their 


^.mhsh.lpts  that 
J+*  >igfSlsjfl‘aal  the  oad 
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The  subsequent  studies  of  the  twentieth  century  defined  the 

geometrical  principle  of  combustion  more  precisely,  and  introduced 
consideration  of  the  influence  of  factors,  inexplainable  in  the 

light  of  the  basic  assumptions. 

The  geometrical  law  was  originated  on  the  basis  of  an 
inwestigation  of  pyroxylin  powders  in  a simpler  for-  (strip,  tablet, 
tube).  Later,  powders  in  a more  complex  form  made  their  appearance. 
These  were  powders  with  a multitude  of  hole.  (American  grain  with 
three,  sewen  and  nineteen  holes;  in  our  country  the  grain  of 
Kisslemekll  with  36  holes),  flegmatixed  powders  with  an  umewen 
distribution  of  the  flegmatlser  over  the  depth  of  the  powder  mass, 
nitroglycerin  powders,  in  which  the  nitroglycerin  distributed  itself 
Ufvnly  ewer  the  powder  in  storage.  Also  introduced  was  the  procm*» 
•t  graphite  cowering  the  surfaces  of  certain  powders,  which  retarded 

the  igmitloa  process. 

The  appearance  of  thrwT  new  factors  demanded  a more  precise 
defimitioa  ef  our  ideas  e.  the  actual  character  of  powder  euMtiea 
thm  iatrodvetioi  ol  oorrtcii#**  to  thm  ptrftci#4  ****** 


STAT 
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UE3 


It  is  by  far  more  probable  that  the  first  bundle,  located 
adjacent  to  the  igniter,  will  ignite  and  burn  somewhat  ahead  of 
the  last  one,  which  is  located  at  the  bottom  of  the  projectile. 

n^pptton  of  ignition.  Ignition  propagates  for  the  momt 
part  in  the  holes  in  and  interstices  between  the  powder  grain*. 

It  will  proceed  -ore  adwantageonsly  if  the  grains  are  distributed 
in  the  direction  of  cha-ber  axis,  than  if  they  were  placed 
Irregularly. 


The  cIommm  ot  the 


Lina  to  om  another  and  to  the  mil 


of  the  gun  increases  the  possibility  of  the  occurrence  of  ease 
which  result  in  the  failure  of  the  powder  to  bum  by  parallel 
layere. 


mt  ot 


Tha—  considerations  were  at  one  ti-e  of  elgnlfleanso  to  the 
improweoent  of  ideas  on  the  actual  oe-bastlea  of  powder. 

aowewer,  Charbeane  cosld  not  prom  experimentally  a iiiUbepei 
tbs  wary  prabnf-  assumptions  on  ignition  which  be  put  forth. 

Considerably  sore  cosplete  inweSti gstions  of  the  °**b—Otion  w 
y»ii  i)it  were  essdusted  in  the  expert— ante  of.  l.l<  PerebriahSP  Z17 

- -I-*  •*  —•“«*«» 

to  nail  . . Iijiirtr — thM  pemitted  the  registration  of  I ■<•«*■? 
with  • to  T bg/os^. 
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irregular  combustion  of  such  powders,  which  took  into  consideration 
the  influence  of  the  varied  intensity  of  combustion  of  individual 

elements  of  the  charge. 

The  theory  of  irregular  combustion  shows  that  the  difference  in 
int.rn.ity  of  gas  formation  in  the  interior  of  powd.r  holes,  and  on 
the  exterior  surface  of  the  powder,  depends  on  the  density  of  loading, 
and  wane,  during  the  co.bu.tion  of  powder  in  a gun  in  accordance 

with  the  Motion  of  the  projectile. 

Sixn  tb.  dl.oor.r.d  .bob.ll.«  dot  oQldlddblo  b,  tb. 

of  tb.  B.o».trlc«l  1...  bdt  ~~  « p.d.ll.rl.1.. 

tb.  pb^ic.l-cb.dlc.1  m»tw  o,  tb.  COM.  "t  Pbflddl 

,w,«t~  o.  powdor  P ...  t.,.1  ot  d.W  "Pr."-*1”'  *“ 

t„  f tot-..-  *« 

r-%J.  Tot  detail,  see  Section  III. 

■iaranr  C*J  approached  the  process  of  comtoomtXom  fro.  the 
of  physical  ch«i.try,  and  introdmeed  tbs  following 
a an  n basis  fdr  n scheme  of  powder  ooebMttoa: 

1)  powder  burn.  a.  n malt  of  at  fining  if  te.per.tu  re  of 
•ltion  by  virtue  of  the  fpact  of  prwvionaly  tormod 


•i  l.  the  ■■.»! — layer  directly  adjaceet  f tb. 

„ J^r  <«._  u»»>.  «. 

,t  m.  Which  Mill  file  to  reeet  eith  «*  ee*  ■*>•  •• 

•f  thf  eeetaet  layer  1*  leeer  f*  ** *****7*  ^ 

obteiaahle  hr  eer  •*  celeeletlee.  lfce  *e«e  e*  peeder 

layer 


at  e gi 
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it  characteristic  of  this  theory  is  the  detailed  chart  of  thermal 

energy  distribution  between  the  gases  and  the  powder,  and  the 

, *4  significance  of  the  initial  tssperature 

extensive  explanation  of  the  signiiicm 

u+j n_  vftiufi  and  heat  conductivity  of 
of  decomposition,  of  the  heating  value  ana 

the  powder. 

Even  though  this  theory  cannot  be  considered  entirely  cosplete, 
it  still  remains  of  Interest,  in  view  of  the  fact  that  it  giwes 
details  on  and  perfect,  our  idea,  oa  the  process  of  powder  co-bust ion. 
8.  THE  MODISH  THXOST  OF  POSDEE  COSBUSTICW 
(According  to  Is.  B.  Beldovich) 

. .. . nr,rT  «iews.  the  combustion  of  powder 

In  accordance  with  contemporary  vxewm, 

occurs  as  f Si  laws  • 

The  aitrocellulose  in  the  s-rfses  layer  of  the  powMer 
Th.  product-  of  the  deco.po.ltio.  out  oa  the  -urf-O.  <1 

of  gasif  lcatio.)  and  react  ia  the  i—enaw  phaoo,  iacroasii 
te— per. tore  of  the  ga—  sroatly-  »•  —per.  tar.  oa  the  mmrt*c  of 

th.  powder  is  ~w  rolatiwoly  low,  a.d  eor— posdb  to  th-  ppi«r 

_ TT  T fie  temperature  dlitriMiss  is 

decomposl tlos  of  nitrocellulose . 

th.  -aw  of  the  powder  a.d  1.  the  ga—  tormlmg  durla.  It.  4— tioa. 

is  shows  by  the  diagrau  of  fig. 

stars  is  tkm  iatsrtor  sf  the  powder. 


grfiatf  iCStiSBj  tB  .BSSS  %§ 

vamtmr  (rsa stlss  sf 


liberated 


STAT 


The  tnralt  surface  of  the  powder  has  a heated  layer  («g), 
> thtahaaea  depeade  oa  the  temperature  coadae  tiwi  ty  of  the 
r ud  its  rate  ef  coahaatioa.  The  decoapeeltiea  react  tea 
ode  la  a parties  ef  thle  layer  a,.  Oae  of  the  fnftMatol 


is  to 


leiattoad  extatiac 


the  rate  of 


sal  rdeetioa. 


layer  leapei  atere  tan 
the  relatiase  eafgetlac 
l the  rate  ef  aeeBpfrtl  ei 


Talae  la 


apt  ealy 


, hat  alee  far 


tad  with  the  hpeftloa  of  the 


la  the  teats  ef  O.  X 
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The  decomposition  of  pyroxylin  does  not  occur  in  the  entire  surface 
layer,  but  only  in  that  part  of  it  crhere  the  temperature  approaches 
Tp.  The  thickness  of  its  xr  comprises  only  about  5%  of  the  thick- 
ness of  the  heated— up  layer  xg. 

Belov,  certain  characteristics  of  powders  are  listed  in 
accordance  with  the  data  of  O . I - Leipunskil  (Table  7). 


BptClMQ  Of 

Powder 

Temperature 

Conductivity 

c*2/#ec. 

Heat 

Conductivity 

cal/cm-sec. 

oc 

Rato  of 
Combust lom  at 
p - 1 kg/caa 

mm/mec. 

Pyroxylin 

0.29 

1.2  - 10-3 

5.5  • 10-4 

0.51 

nitroglycerin 

0.34 

CO 

1 

o 

H 

00 

o 

4.8  • 10-4 

0.45 

OUjgn  » - ffwawacmtlSTlC  EgUTlg  OF  POBPBB  Mgg 

(Deoeadeaee  of  Powder  Oases'  Pressure  on  the  Conditions 

of  Ijoadlag) 

Burins  the  combustion  of  powder,  a large  quantity  of  shBSS  is 
formed.  They  haws  a high  temperature  and  exert  high  pressure  oa 
tlM  0f  the  gua  ia  which  the  cosbuatloa  occurs.  The  gwasral 

priaciplea  of  physics  and  thermodynamics  are  applicable  to  tt 
Therefore  the  characteristics  equation  expressing  tbs 
relations  between  prenow re,  temperature  and  specific  woluse  of 
■Id  almo  bo  valid  for  this  case. 

,j«  pm,  whose  molecules  do  sot  haws  a roll 
foil  to  attraot  ommb  ether,  or  for  saffieloatly  rarefied  | 
tts  phjalnal  DM  mt  tbe  equation  for  salt  weight  la 
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The  fonauXu.  of  van— cier— Veie.1s  ©volved  theoretically  io  tho 

1870 's  as  a result  of  the  assumptions  of  the  kinetic  theory  of 
gases ♦ 

Investigations  of  powder  combustion,  and  of  gases  forming  during 
such  process,  were  begun  by  Gay-Lussac  (1824),  and  were  continued 
by  Bunsen  and  Shipkov  (1850).  These  investigations  were  conducted 
at  pressures  around  1 atm.  However,  combustion  in  guns  occurs  at 
higher  pressures.  Therefore,  studies  began  in  the  second  half  of 
the  19th  century  on  the  investigation  of  powder  combustion  at  higher 
pressures  In  manometric  bombs. 

Detailed  experimental  Investigations  (initiated  In  18M  and 
completed  in  1880)  were  conducted  in  Bngland  by  Hobal  and  Abel. 

gome  data  of  these  experiments  are  quoted  In  the  "Interior 
Ballistics"  of  A.T.  Brink  10_7,  and  also  in  the  study  of  1*9. 

Grave  entitled  "Pyrostatics"  Z“H_7 • 

The  experiments  were  conducted  in  manometric  bombs,  with  a 
limitation  of  the  maximum  pressure  by  means  of  a cylindrical  crusher, 
and  included  measurements  of  the  volume  of  gases  and  an  analysis  of 
their  composition.  Black  powdsrs  which  were  at  that  time  used  for 
military  purposes,  formed  the  object  of  investigation  at  landing 
densities  A - 0.10-0.90. 

eats  clarified  the  composition  of  tho  ora toots  sf 
ties,  tho  quantity  mf 

volume  at  0°C  and  780  mm,  tho  quantity  of  mom-| 
tho  physical  form’  la  which  they  arc  To  wad  at  tho  sosaat  sf 
explosion,  tho  quantity  of  boat  tho  scan  heat  neysrtty  sf 


T 


STAT 
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of  tbs 


lit  Ion  products  in  a oonntnnt  apaca,  tka  tMpntm 
iltlos  products,  tbs  ro let loan  bataaaa  tbs  pressure 
of  loading,  tbs  variations  occurring  la  tbs  produc  < 
dtloa  iMh*  obnngc  la  tbs  density  of  loading,  tbs 
boolcal  noaposltlaa  of  tbs  powder  oa  His  resultant 
position,  beat  bad  pressure,  and  also  tbs  effects  c 


•eocspesitioa,  beat  bad  pressure^  end  also  tbs  effects  of  g— 
nslsao,  their  consistency  aad  buaidlty  oentent,  etc. 

■tper laeats  oa  tbs  clarification  of  tbp . dspoadsaoe  of  tbs 
■au  pressure  oa  tbs  density  of  loading,  fumed  aa  object  of 
lal  latorost  for  latorlpr  ballistics. 


After  conducting  a large  miuber  of  experlseUts,  plotting  tbi 
o for  eaUau  presanre  p*  aad  density  of  loading  A la  a «1*| 
ag  the  curve  p^,  A.  through  the  polats  obtained,  aad  fittings’ 
*e blow  to  this  curve,  gebel  aad  Abel  establlsbed  tbs  fsUdjil 
leal  relation  between  the  density  of  loadlmA  aad  the  snajti 


_ 

**  * 

lb  this  foruula,  f aad  a are  constant  coefficients  do 


A - 1/1  + a,  we  Obtain: 


1 * « 


At  tbs  first 
■Blaus  of  prea 


that  tbs  value  f 


type  of 


la  older  courses  of  la 


ballistics. 


ifeife 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


substances . actually,  as  it  will  be  shown  later,  they  express 

the  work  capacity  of  the  powder  gases. 

The  value  f was  termed  the  "energy"  of  the  powder. 

The  value  a represented  the  volume  of  liquid  and  solid 
residuals  in  the  combustion  products  of  black  powder. 

The  proper  physical  meaning  of  the  coefficients  f and  a is 
clarified  by  a comparison  of  formula  (2)  and  a simplified  formula 
<1>. 

In  formula  (2)  we  substitute  in  the  place  of  its  meaning 
<4rtl0,  and  convert  it  by  multiplication  of  the  numerator  and 

denominator  by  WQ.  We  obtain: 

f A _ f s* 

**■  “ i - 0A~  W„  - «o> 

formula  (1)  has  the  following  form  for  kg  of  gases: 


Pm  " 


W„  - 


B,  comparing  fo  formula,  obtained  eap.rl-nt.lly  and  theoretically, 
cm  find  that  they  are  identical  at  f - *TX  and  a - b.  In  formnla  <3), 
the  wains  a repress mt.  tb.  wolume  of  gas  molecules,  as  does  walme 

b lm  formula  (1). 

nm  phnlle»i  wmmmlwm  of  the  walme  f,  tb.  so-called  energy  of 
*mm  mfOr,  is  eipleleed  by  tho  eapreemioa 


f - 


kg/cm*: 


XMmt  t)M  wmlwrn  1 rtprtH»ti  tk* 
p,  if  wa  teat  It  1#  at  ataaapteric 
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dependence  of  pa  oe  4 , represents  a portion  of  a hyperbola 

upon  elimination  of  the  denominator  it  has  the  form  Pn  - aAP«-  f*“  0 

and  the  discriminant  aHa22  “ a12  “ ~a  °' 

If  we  assume  that  the  formula  is  correct  for  points  obtained 

further  on  in  the  experiment,  then  the  curve  p*,  A goes  out  into 
infinity,  having  approached  an  asymptote  parallel  to  the  axis 
y(p»>  at  id  - l/a. 

Then 

1 - a A - 0 and  pm  - oo  . 

If  we  show  the  dependence  of  P,  on  A in  a graph,  by  plotting 
A on  tho  axis  of  the  abaciaaa  nod  PM  on  the  axln  of  ordlnaten,  then 
vo  obtain  n curve  p>,  A (fig-  H>  through  tho  origin  of 

eoordlnatea  and  having  na  asymptote  in  the  form  of  a straight  11ms 
parallel  to  tho  axis  of  ordinates  at  a distance  of  l/«  from 
the  origin,  negative  nlme  nr.  not  diacussod,  1.  viow  of  tho  fact 

tfcat  they  do  not  have  a physical  meaning. 

glmco  a is  approximately  egual  to  unity  for  pyroxylin  pomdors, 
the  critical  vine  of  A , at  vhich  P»  should  ho  egmal  to  infinity, 

^ agrr1  to  one.  Ihr  mltrmglyeerla  povdars,  *mo  and,  conmogmsmtly, 

critical  A - l/0.»  “ 


mis.  11  - Papoi 


•f  p^dmA,  in 


nth 


<») 
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Conducting  a series  of  experiments  with  several  A , and  having 

obtained  corresponding  magnitudes  of  pE,  we  find  the  ratio  P&/A  , 
and  ve  plot  the  points  corresponding  to  each  density  of  loading  on 
axes  Pm/ A , and  p*  of  the  graph  (fig.  12).  These  points  should  be 
located  on  one  straight  line.  Prolonging  this  straight  line  1-1  to 
its  intersection  with  the  axis  of  ordinates,  we  find  the  energy  f. 

The  tangent  of  the  angle  formed  by  this  straight  line  with  the  axis 
^ firl ves  the  waive  of  covolumo  cx»  Wei  conducted  experiments  with  a 
whole  series  of  explosive  substances  and  powders,  and  has  constructed 
typical  straight  limes  for  them. 


fit.  1*  - 

•arcs 


Fig.  13  - Characteristic  Straight 
Limes  of  Three  Basic  Powders 


a for  the 


straight  Uses  on  the 


, thea 


Pm/A  9 Pm 
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a.  nrmuaiuTiov  ar 


Th*  1 and  a eu  b®  detarmlned  uHtljrtleaUr  and 

graphically. 

*•  a linear  equation  with  two  coutut  coefficient®  f 

and  a: 


- f + ay^. 


CS) 


In  ®rd®r  to  d®t®rnlh®  f and  a by  the  .aid  o f this  equation,  it 
la  neconaarr  to  conduct  ®xp®rla®nt®  with  two  donaltloo  of  loading 
2h®  rain® a pg  and  0m/  A will  h®  known. 

If  in  an  ®qwrlMat,  at  a d® unit 7 of  loading  Ai,  tho  rogwltant 
P***"®**  H»-  whll®  at  a donoltj  of  loading  A,, 

**2»  **  h*T*  ® ojnt®n  of  two  eqoationa: 


J7  ■ f + “P*! 


Pl_ 

‘1 


d,  _ * + “Pl- 


Cn) 


(h) 


Subtracting  the  tana  of 

»i  pi 


aquation  iron  th®  other,  wo  obtain: 


■ ® Cbg  - Pj)i 


than 


(4) 
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p2  a2  ~ A1  _ (5) 

4i~  A2  p2  " P1 


In  place  of  this  equation,  it  is  simpler  to  determine  the  value 
of  f by  substituting  the  obtained  numerical  value  for  a in  equations 
(a)  and  (b) . Obtaining  an  Identical  magnitude  of  f from  either  of 
the  two  equations  serves  as  a verification  of  the  correctness  of 
calculations  of  f and  a: 


f 


Q*| P*>  • 


(6) 


The  diagram  on  fig-  14  gives  a graphical  illustration  of  the 
application  of  derived  equations  (4)  and  <5>  for  the  determination 

of  f and  a: 


oa  “ > ob  * P3 » 


a© 


bff 


P2 

4a  ’ 


gf 


p2 
4 2 


Pa  - Pi’ 


a 


>a  pi 
gf  __  4» 

ef  Pa  ~ P1 


•c  - a • Pi;  «*  - « ’ Pji 

P. 

f - oh  - ae  - *e  - - opi  J 

f - oh  - bg  - d*  - 2* «*P3* 

STAT 


@3 


Ttans,  Zonal*  (4)  for  a tad  tmoU  (*)  *®r  Z both  ban  » 
«*o»kio  :|lilMrprotatioa. 


1*  a boob  ot 
a oltbor  by  i 


tho  nwolwn  «,  oooonory  to  oooAntt  powder  ooobootie*  oofori* 

lo  a boob  at  too  OMltiw  oZ  Xotdltg,  aid  thorn  to  dotoroln  I «■* 
a wither  by  on  of  taolu  <*>  <•>  •*  «m>hieaiiy.  **  *“* 

QOjKOOOtfOO  Jo  yoywt dot frio  to  ooloot  doootttoo  od 

vary  elooo  to  oooh  other,  boeaaoo  tho  nnlto  ooold  bo  Ion  nttCblo 
aa4  a larpor  orror  is  poaoiblo . Tho  boot  oooOltiooo  oolot  tint 
A _ Mr  Intone,  Zor  Mtandalac  Z *n  O *•» 

nrnsyll.  ndn,  It  10  adrUabl.  to  ntaet  oxportnate  at 
A - o.  IB  an  ••*§,  on  Zor  at»nr  oltroolyeoria  ponoro  at 

A - t.l*,  an 

At  OanitlOO  n latdlai  bo  low  0.10,  It  io  aloe  pooalMo  to 

„ _ ♦a.  ltnar  jaiaadaant  falloat 

O^tala  aarellabt*  mlta,  boeaaoo  tn  wooar  — — - 

^ ^un  at«,  an  tbo  potato  p^A,  P.  or.  oltnttal  b'to'w 

'in  otraltbt  lint  *bo  lower  tboy  are,  tbo  oaallor  P»  1*.  <M* 

iia  i»m  wm  lo  aaylalaad  by  greater  looooo  la  boat  oaloaloa  tbnoiM 


tfco  vails  of  tfco 
•lowly  at  low  loi 


tkaa  i*  too  caoo 


iltait 


•olio  did  wot  ooowr* 

It  will  bo  Oban  l#iow  bow  lo 
oaleolatod  la  a 4ator*laatloa  of  Z 


looo  of  boat 


boat  traaaZor 
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Fig.  14  - Graphic  Determination  of  the  Powder  Energy 
and  of  the  Co volume 

In  addition  to  determination  of  the  values  f and  a on  the  basis 
of  experimental  data,  the  Nobel  and  Abel  formula  is  also  applicable 
to  the  following  cases: 

1)  Knowing  f and  a,  a calculation  of  pK  is  undertaken  by  the 
aid  of  the  value  A. 


Pm  - 


f A 


a A 


1 

A 


3)  Knowing  f and  a,  we  undertake  to  calculate,  by  the  aid  of 
pm,  the  A at  which  a given  pressure  would  result. 

Solving  the  equation  for  A > we  obtain: 


A - 


f + <*Pm 


f 

Pm 


+ a 


The  formula  cited  Is  used  few  solutions  of  a umber  of  prt«tl«al 
probloos.  *or  Instance,  at  a gloom  f and  a,  it  cam  bo  do 
wbat  A should  bo  is  order  to  obtain  n given  magnitude  of 

wblob  powder  may  be  burned  In  a bus*  with  an  effective  pm  user  a of 

II 


STAT 


at»  Or,  for  intern,  to  calculate  the  proassro  prodsood  by  aa 
1 gm±*mr  of  a «i*o»  volikt  is  a cbaabor  of  a *lroa  rttlmmm, 
eoatalsiac  a ckar*o  of  a Hm  rol«bt. 


u 9r40,  to  bottor  osftlala  tbo  aotbod  of  dotsrslalac  f aad  a, 

tbo  osa^los  aro  «lm. 

Za  solols*  oaaaplos,  It  is  aoooooary  to  oxyrsos  ail  aa«aitudos 
by  oop^lotoat  salts  Tbo  soot  saotf  systoa  of  salts:  bllo«raa  - 


ilo  1.  to  So  torsi  so  f aad  a on  tbo  basis  of  tbo  foilooli 


Al  - 0.1ft;  pi  - 1.47ft  bft/ds8  - 147,000  k*/+fi 

At  - o. as;  Pa  - a,T«a  - a7ft,ooft 


«S  f lad  tbo  ratios 


*1  Aft 


5L  _ W,Mt  - 1,100,000  kl-o/k* 

it  o.*» 


>1  147,00 

Al  ” •.!» 


- 000,000  bo-da/ko: 


■ im^ooo;  *|  - * ias,< 
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1 


both  o non  of  determination  laemM  with  a rwAietioa  of  tho 
difference  botwooa  tha  Ut«M  Ax  aal  Aji  which  emtalla 

a redaction  of  tha  denominator  Pg  - P i aa  lacwaaao  of  rff/f  • 

wa— j . xa  order  to  rednee  tha  error  la  deterOining  f , It  la 
to  laeroaao  tho  dlffaraaoa  vg  - Px>  ee loot  lag  whoaowor  possible 


d,  and  A|.  Still,  a large  error  la 


tho  nl 
of 


difference 

for  praoaaxa  Pj  roaalts  at  too  law  A ( <0.10),  by  wlrtao 
la  heat  traanfer.  Therefore  la  practice  Ax  - 0.15  and 

for  determination  at  tha  energy  of  pyronylla 
while  Aj  - 0.  IS’ and  Ag  - O-SO-O.SS  are  tafcoa  for 

attffaglyeerla  powder e. 

b.  Tram  la  botomlalao  a 
■ty  differentiating  tha  any  mao lea  <h),  wa  obtain  r 


Ap  - 0.S5  are  aaleo 


At  - 

1 (pa  - n)J 


C») 


»i"h 


Au  - 


l 


(pg  - Pi>a  *****  H 


CIO) 


«ffr  and  **v  \ 
of  Ag»  Ap»  »| 
( i«|  >/a1)  alaoo  Pg  >*|* 
ft  lo  owldoat  MS  a 
Otfl  as  (0)  aod  (!•>,  that 


^<0  Bad  tfa,  X>.  At 
aad  at  /pj  - ^Pa,  the 


CT)  aad  <0), 
dpj,  or  Ipg, 


TO 
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Dividing  (7)  by  (9)  and  considering  the  cqu 

P2  n **1 

p2^r-  — *ai  “ ~ ~t— 

d2 


p2  ~ P1 
' * 2 ~ *1 


±2 

*2 


A1 

5T 


lity  (a),  vo  obtain: 

(ID 


and 


<*f. 


cfar 


- ZL 

A l 


(13) 


It  follows  fro-  a comparison  of  equations  (11>  and  (12)  that  the 

1 A 


error  <fn2,  of  the  magnitude  a,  at 
produces  . eeellor  orror  1.  the  -doited.  1 «...  d...  «.  orror  ^ 

at  a lower  density  of  loading. 


higher  density  of  loading 


5. 


WWW  th*jl ZlZZZZZZZnn 

fOUEDLA  OF  PTB00TAT1CB 


The  Pohel  eqeatloa.  applies  to  the  i-t.-t  of  attalelh* 
pressure,  wh.a  all  the  powder  i.  h-rnt.  I»  the  int.r~di.te  -t, 

whea  all  of  the  Powder  1.  -t  a.  yet  burnt,  hut  only  a po 
1.  oosuortod  lot.  — - ““  *“  -W***1  '“**  ' 

kg  of  pasee: 

p^,  vT  - *tx+f  - f*7» 

tbe  lode*  f lodlooto.  *“<  " *1"*  “ 

1,11...  ‘ *»  ***  " *“  ”*"**  * “ 

eoawerted  lit* 

ths  ;*pee  • of  the  he*h  at  the  gtrmm  mm—*,  tm 

. T''  #(tk>tHk  after  the  4m~****  •*  "l-  *f 

1>ifT  |(i  -m^mrnd  ef  the  of  ** 

art. 


Is  thle 


»»  - - -9  « - T> 

r,  the  imtei-ediste 
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tho  portion  of  tin  eharg*  T will  burn  out,  will  bo 
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tlnoblirfl-f  tho  torun  with  V hi  *bo  Oonoulnntor, 
Ititril  pprootntloo  oouutlon  or  tho  phynlcnl  stnto 
lntonoAlnto  mount  in  tho  oooou*  *wm: 
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Replacing  f by  pm  (1  - a£)/A  5 and  subtracting  and  adding  1/A 
in  the  denominator,  we  can  modify  equation  (15)  to  this  form: 


7“  - , (16) 

1 - aA  Pm  ~ P^ 

1 + rrT~ ~ 

where  pm  is  the  maximum  gas  pressure  in  the  given  experiment. 

In  this  equation,  the  ratio  <1  - ceA)/(1  - A/<f)  is  a value  constant 
for  a given  experiment  and  characterising  the  conditions  of  charging 
(we  will  designate  it  by  d ) . pm  is  also  constant,  with  only  p^  varying. 

The  magnitude  b - (1  - a A )/(l  -A//  ) represents  the  ratio  of 
the  free  space  of  the  bomb  at  the  end  of  the  conbustlon  — Wq 
(1  - a A ) to  its  free  space  at  the  beginning  of  the  combustion 

- Vq  (1  -^//).  This  value  Is  always  less  than  unity;  at  A-  0.25, 
ot  “ 1,.  and  / ■ 1.6,  ^ ■ 0.89.  At  smaller  A,  the  magnitude  d 

approaches  unity. 


7.  COH8IMBUTIOV  OF  THE  IHTLOXHCE  OF  THE  ICSIim 
The  general  pyrostatics  equation  determines  the  pressure  developed 
in  a constant  spues  by  gases  formed  during  the  combustion  of  powder. 

In  this  connection,  atmospheric  pressure  is  disregarded,  bosses#  of 
Its  smallness  an  seeps  red  with  the  pressure  of  powder  gists 

In  Hebei's  experiments  with  Meg*  powders,  black  powder  ess  else 
used  for  the  ignitor,  and  the  weight  of  the  Ignitor  use  ineluded  in 
the  over-all  weight  of  the  charge  for  the  purpose  of  ealeuletlsg  the 
density  of  londisg. 
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pre„.„e»:  tt.  prc=»ro  of  PB,  — «• 

powder  gw.e.  PY;  or  de.er.fe.bl.  ..  .be  beei.  o<  th. 

generalized  „re.t.tle.  eqe.tlo.,  or  Kobel'e  equation  without 

consideration  of  the  influence  of  the  igniter. 

Deterainiag  * fro.  the  last  equation,  we  obtain  the  -agnituder 
taking  into  consideration  the  influence  of  the  igniter: 


1 + 


1 


1 - aA  - P" 


The  included  pr.sm.re.  P;  and  p’  constitute  the  actual  p 
registered  by  the  crusher,  or  by  any  other  instrueent. 

Since  the  equation  render,  calculation,  of  a series  of 
for  Y very  awkward  in  plotting  an  enp.rie.ntal  pressure  cure, 
registered  by  the  instrueent.  w.  haw.  compiled  table,  for  the 
of  expediting  the  work  inwolwed.  Fro.  the  -agnitud.  of  tbs  ratio 

<p*  - p»)/(p;  - p.)>  “ *•  *“y  to  flBd*  by  th*  *w  °* 

tables,  the  corresponding  enprsaaioas  of  f aa  a fuaetiaa  a 
timm  t,  and  to  sake  a ballistic  analysis  of  the  powdsr. 

tnitnd.  of  the  deu~isater  Pi  - Pp  *•  oo-taat 

it,  we  asatally  calculate  tbe  presaare  Pp  of  tl 
■stoat  for  all  potato  of  aassarssaat. 
p,  tho  aid  of  a slide  rale. 
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The  arrangement  of  the  table  is  analogous  to  tables  of 

four-place  logarithm*. 

The  tables  are  in  the  supplement,  which  also  includes  instructions 
for  their  use. 

Knowing  the  principle  of  f variation  relatively  to  time,  it  is 

also  possible  to  find  the  experimental  law  of  variation  of  the 

magnitude  i.e.,  the  rate  of  gas  formation.  This  value  is  one 

dt 

of  the  more  important  characteristics.  Knowledge  of  it  permits 
regulating  the  efflux  of  gases  during  a combustion  of  powder,  and 
checking  the  law  of  gas  pressure  variation. 

8.  OK  KKDUCKD  LZKOTH8 

Among  other  things,  the  pressure  in  the  bore  of  the  gun  appear* 
as  a function  of  the  volume  of  initial  air  space,  corresponding  to 
the  location  of  the  projectile  in  the  bore  at  a given  instant.  At 
the  beginning  of  the  powder  combustion,  this  volume  V is  equal  to 
tho  volume  of  the  chamber  Wq.  Subsequently,  it  Increases  with  the 
motion  of  the  projectile  to  a volume  equal  to  the  volume  of  a 
cylinder  having  the  cross  section  of  the  gun  bore  (including  grosses)-; 
as  its  base,  and  the  length  of  the  travel  X of  the  projectile  as 
its  height* 
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MM 


c-ro  not  proportional  to  actual  lengths.  Therefore,  to  facilitate 
a more  convenient  operation  with  additional  equations  obtained  in 
pyrodynamics,  "reduced  lengths"  are  introduced  to  replace  chamber 
volumes  in  equations  by  cylinder  volumes  of  equal  magnitude  and 
having  the  cross  section  area  of  the  gun  bore  as  their  basis.  The 
length  of  such  cylinders  is  called  "the  reduced  length  of  the 
chamber."  It  is  designated  by  lQ,  and  determined  by  the  expression: 


l 


"O 

e 


Since  the  actual  cross  section  of  the  chamber  will  be  larger 

than  s,  the  reduced  length will  he  greater  than  the  actual  leagth 
of  chamber  Si  ( ♦) 

The  volume  of  the  initial  air  apace  will  now  appear  a*: 


W - b&q  + a (J^  + As) . 


After  deduction  of  the  volume  of  the  atill  incompletely 
burnt  powder  and  the  co volume  of  the  burnt  portion  of  the  charge, 
the  free  volume  of  the  initial  air  apace  will  be  — prtaw4  la  thle 
way: 

Was  + e^  — ^4  (1  — f ) m Vf  + mJL 
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CHAPTER  III  - CALCULATING  THE  HEAT  LOST  TO  THE 

.....  mreilin  BlrtUHWO  or  POWDER  in  a closed  chamber 


\ 


-fS#B  powder  ia  buraad  In  a closed  c ha.be r (In  a bomb),  a portion 


of  the  heat  energy  le  lost  on  heating  the  walla  of  the  boat.  As  a 
result,  the  pressure  p„  developed  by  the  Bases  Is  somewhat  lower  than 
the  theoretical  pressure ; the  latter  would  be  obtained  Jf  all  the 
thermal  energy  emitted  during  the  combustion  ol  the  given  powder  were 
utilized  to  increase  the  pressure  of  the  gases. 

This  loss  of  heat  depends  on  a number  of  loading  factors. 

Experiments  conducted  by  professor  S.P.  Vukolov  in  the  Naval 
Technical  Research  Laboratory  back  In  1895  and  1896  had  shown  that 
,t  ^ - 0.20  the  pressures  p„  developed  In  a standard  bo.b  and  in  a 
bomb  .hose  interior  surface  ...  lined  with  a thin  layer  of  nonconductlve 
mica  were  different.  The  resultant  pressures  were:  2033  kg/cm2  in 
the  bomb  ei thou t the  mica  layer  and  2202  kg/cm2  in  the  bo.b  containing 
the  mica,  the  difference  - 169  kg/c.2  - comprises  about  8%. 

It  was  stated  previously (in  the  theory  of  powder  combustion),  in 
the  discussion  of  problems  relating  to  powder  ignition  in  a gun,  that 
th.  contact  of  th.  powder  grain,  eith  the  cool  surface  of  the  chamber 
slows  down  the  ignition  process. 

The  following  simple  experiment  in  the  open  sir  will  show  tht.  to 
be  true.  If  « strip  of  powder  Is  clamped  vertically  In  a lockmmlth-s 
metal  wise  and  Ignited  from  tbm  top,  the  process  of  burning  will  bo 
arrested  upon  reaching  the  wise.  The  strip  will  be  extinguished 
b^mms.  a con.ld.rabl.  portion  of  tb.  beat  1.  take,  up  by  th.  cold 

mmtmX* 


^-1 
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It  lo  known  that  a nonnlmul taneous  ignition  distorts  the  initial 
shape  of  the  grain  and  causes  deviations  fro-  the  ideal  law  of 
co-bu-tion.  Consequently,  the  transfer  of  heat  to  the  walls  should 
have  an  effect  not  only  on  the  -agnitude  of  pressure,  but  also  on 

the  character  of  its  development. 

By  disregarding  losses  in  a bomb  due  to  heal  transfer  we  commit 
an  error  in  the  determination  pm  and,  consequently,  an  error  in  the 
magnitude  of  energy  f and  covolume  i determined  on  the  basis  of 

experiments  with  a aanoaetnc  bomb . 

in  vie.  of  this  heat  transfer,  Nobel's  formula  .HI  hold  true 
for  pressures  above  1000  kg/c2.  At  lower  pressures,  corresponding 
to  charging  densities  of  A <0.10,  the  points  in  the  diagram  — 
versus  p will  fall  below  the  straight  line  relationship  expressed 


by  the  known  equation 


- f 4 apa. 


systematic  experiments  conducted  by  assistant  A.  I-  Kokhanov  in 
1933,  at  charging  den.ltle.  of  fro.  0.015  to  0.20.  have  shown  that  a 
hyperbolic  curve  abc . approaching  asymptotically  ^straight  line  d« 
(fig.  16),  is  obtained  in  the  system  of  coordinates  , P.,  instead 

of  a straight  line.  The  ...Her  the  value  of  * , the  greater  is  the 
deviation  from  the  theoretical  relationship. 

The  result,  obtained  In  determining  the  powder  energy  f snd 
covolume  a therefor,  differ,  depending  on  the  charging  densities 

at  which  the  tests  wsre  conducted.  The  higher  the  value  of  A 
g raster  -ill  be  the  -agnitude  of  f snd  the  — U«r  the  covolu-e  a 
fnoint.  b snd  O.  And,  conversely.  -.11  vslus.  of  A should  produc. 
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Our  experiments  have  also  disclosed  the  following. 

If  , powder  of  the  same  composition  but  of  different  thickness 
is  burned  in  a bomb  at  the  same  value  of  A.  the  maximum  pressure  Pm 
will  be  the  lower  the  thicker  the  powder.  Therefore,  the  energy 
produced  by  thick  powders,  determined  without  taking  the  heat  Losses 
into  consideration,  -ill  also  he  the  smaller,  the  thicker  the  powder. 
This  can  be  explained  by  the  fact  that  a thick  powder  burns  longer 
and,  consequently,  a larger  portion  of  the  heat  is  transmitted  to  the 

walls  of  the  bo»b . 

If  an  Identical  powder  is  burned  at  the  same  In  bombs  of 
different  sixes,  the  value  of  P-  -ill  be  higher  in  the  larger  bomb, 
because  the  surface  per  unit  -eight  of  powder  charge  is  smaller  In 
the  larger  bomb,  and  hence  the  heat  losses  -ill  be  smaller  in  it. 

All  of  these  facts  confirm  the  presence  of  cooling  through  the 
walls  of  the  bomb.  The  considerable  number  of  tests  conducted  by 
various  Investigators  made  It  possible  to  determine  quantitatively 
the  correction,  to  be  Introduced  in  the  charging  of  powders  of  various 
thickness  under  different  conditions  of  loading,  in  order  to  obtain 
pressures  corrected  for  heat  transfer.  Although  these  corrections 
are  not  final,  nevertheless  their  Introduction  served  to  explain  the 
phenomena  discussed  shove.  Mluraur's  correction  -ay  be  considered 
to  be  the  best  founded  among  corrections  of  this  type. 
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FiK. 


as  a Function  of  According 

to  Kokbsnov. 


According  to  Slur.ur  the  he.t  loss  through  transfer  Is  pro- 
portional to  the  nusber  of  collision,  between  the  powder  gas  wolecules 
and  the  walls  of  the  bo.b . and  this  nuwber  is  in  turn  proportional 
to  the  surface  of  the  bo.b  S4  . pressure  p and  ti*e  t.  For  a 
fluctuating  pressure,  the  loss  is  proportional  to  and  J pdt . Also, 

because  j pdt  does  not  depend  on  A,  the  loss  of  heat  through 

the  surface  of  .all.  * 1.  constant  for  any  powder  charge 

Thls  was  confined  by  -lur.ur  who  conducted  test,  at  different 
values  of  A.  In.s.uch  as  the  total  quantity  of  the  he.t  evolvents 
proportional  to  the  weight  of  the  charged,  the  relative  loss  ^ 

i.  inversely  proportional  to  - or  A.  Consequently.  ^ 18  Pr°' 

S6  ( .. 

port  ional  to  -jj-  ) Pdt  • 

The  -agnitude  of  M.U.1  pressure  at  a given  value  of  Ais 
g.wern.d  by  th.  volu..  of  tbs  bo.bC,  . Actuslly.  an  n%  pressure 

(•)  Consequently,  .sgnitudesf “ takes*p*sce"Pwblle  the  .agnitude 
th#  bwb. 
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drop  eat.il.  . corre.ponding  prolong. t ion  of  the  period  of  burning; 

the  curve  p.t  beco.e.  di.tort.d,  but  the  .re.  J pdt  remains  unch.nged 

All  thi.  was  checked  .ad  verified  by  our  tests  with  bombs  of 

4 tk*  following  important  deduction  can  be  reached 

different  *Ue«.  The  following  e 

1 ran  be  determined 

from  the  .bove:  the  r.te  of  burning  u;  - ^ 


eith  the  s. me  degree  of  .ccur.cy  in  both  large  and  small  bombs, 
regardless  of  the  heat  lost  through  the  walls. 

Experiments  for_c.jcul.llng  he.t_lossesJ  Kor  quantitative 
determination  of  heat  losses  kluraur  conducted  experiments  at  A-  0.20 
ln  . bomb  measuring  150  c^  by  volume.  In  one  case  the  powder  was 
burned  under  normal  conditions,  and  in  another  a steel,  trough-shaped 
insert  with  projections  or  ridges  -as  Inserted  into  the  bomb  in  such 
a manner  that  it.  e.terior  surface  did  not  come  in  contact  with  the 
surface  of  the  bomb  (fig-  I7)  • 

in  the  f 1 rat  instance,  -hen  the  cooled  surface  S,  -as  equal  to 
tb.  surface  of  the  bomb  S,  , the  obtained  pressure  -as  p,  ; m the 
second  case,  -ben  the  cooled  surface  S2  — larger,  l.e.,  -ben  it 
consisted  of  the  surface  of  the  bomb  S,  and  the  surface  of  the  insert 

<S2  ' S<  * W'  tbe  rMUlt*Bt  »re»S“re  P2  10WCr-  The  PreMU 

difference  A P - Pl  - P2  resulted  in  consequence  of  the  surface  are. 
difference  S2  - Sx  - SBKJV 

order  to  determine  the  pre.eure  in  tbe  ab.ence  of  cooling, 
calculations  -ere  -sde  of  eucb  en  increment  Ap',  'bid  corre.ponded 
to  . ch.n«.  1»  tbe  eurf ec.  ere.  AS  equ.l  to  the  eurf nc.  .re.  of  tbe 


bomb  8f : 


or  AP*  " AP 
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la  this  MBBtr,  pressure  p,  + Ap  ' would  correspoad  to  the 
surface  S - 0,  i.e.,  It  would  correspond  to  the  condition  in  which 

losses  due  to  heat  transfer  were  absent. 

Knowing  px  end  -ip',  Mlureur  determined  the  relative  correction 
for  beat  tr.nsfer  ^ . '■“ich  »»»  to  in  a constant 

voluae . 

Such  tests  conducted  with  a Large  number  of  powders  of  varied 
thicknesses  and  properties  established  the  significant  dependence  of 
pressure  loss  — on  the  Use  of  powder  burning  at  A - 0.20,  the 
sagnitude  S,  /u  In  these  tests  being  equal  to  7.774  c»2  g - 77.74  dm2/kg. 

The  experiments  were  conducted  with  cylindrical  crushers.  Very 
strong  Igniters  of  gunpowder  -ere  used  to  deter.lne  the  actual  powder^ 
burning  ti.e  tk.  The  Igniters  developed  a pressure  of  PQ  ~ 250  kg'c-  , 
which  provided  the  crusher  with  small  realdual  compression. 

The  obtained  data  was  plotted,  and  the  curve  or  ~ ” 1 

as  a function  of  the  time  of  burning  tk,  was  termed  "curve  C 

(fig.  IS). 

In  order  to  determine  the  losses  due  to  heat  transfer  under 
conditions  other  than  those  discussed,  the  powder  nust  first  De- 
tested at  A - 0.20  and  the  ti.e  of  burning  tfc  found,  and  the  magnitude 
c _ _££■%  then  determined  from„curve  C.  Losses  under  other 
conditions  (in  s different  bomb  and  at  a different  density  ol  loading), 
can  be  found  by  means  of  the  following  formula: 


5l  - CM*  ?L  _L. 


7.774  W 7.774  WQ  A 


Cg  depends  on  the  thickness  and  nature  of  the  pomder,  mhile  Sg/*0 
charsets rises  the  relative  surfsc.  of  the  bomb  (exposed  surface  of 
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obtained  from  curve  C- 

t determined  fro.  formula: 

Pm 

, - 2 . 303 1 log  — - » 
k PB 


ei  i - . !i  i 

77  f ui  p. 


der  vlth  a constant  burning  surface  area)  (I» 




Thlcknees  of  powder 


2ex  in 


! 

gate  of  combustion  u, 

dm  . . 107 

sec  <*» 

Coefficient  I 


0.30 

0.30 
f 1 egm . 

0.40 

1 .00 

2.00 

90 

70 

80  ' 

1 75 

72 

813  >305  146  < 

i — 

ox_  O f.A  ! 7.00  1 14.6 

i *7*4  2.2b  2 


S 

E 

I 


Burning  ».•  » 1 . >•»  » ■-«  [ 7 °°  I '±U  ' 

Heat  transfer  coefficient  jl>s  2.0  2.6  i 4.0  , 5.0  . 0 

jC-  in  % 1 i ~ r w 

~ - ’”"r  “ * 

.»  ».  Introduced  M •“  

L.t  intro dnce  c.rrnc.io.  lor  ben. 

' “*  *•  . .....  oom  cnduC.d  -HU  • »~» 

ft  Shall  assume  that  tes  _ 15 

. 78  5 cm3  at  two  loading  donsitisn  A x 

volume  *0  - 78.5  cm 

and  A,  - 0.35.  The  powder  in  1 ■»  th  c 
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p t - 1435  */»*.  P.3  - ™ - ' P*1  ‘ l32^to" 

* - - — — th*  r l~~ 

coa»idermtion: 


pi  P»2 

- 9570,  -j- 


Pm2  P»1  . 1450. 

11.020;  -7^  - - aJ 


1450  - 1 .096  dm3  'kg 

oi  ■■  " * 

1325 

. Ill  -ioo  - 800,000  kg-d./HK- 

, - 957  000  - 1-096  143,300  “u  . 

' . far  heat  losses  Id  pressures  P.i 

We  no.  introduce  the  correction  for 

ssd  p.2,  so-  aeter.lne  the  corrected  value.  of  e„er8y  «0 


“O’ 


_i_  cM* 

f.  7.774 


AccordlDK  1°  tbe  table,  CM  - 4* • ^ 

For  s bo.b  of  volume  «0  - 78.5  c. 

. 1 .30  c.2/c.3- 


»o  7 774 


- 0.1673;  0.1673  • 4 - 0.6692. 

9570  - 64  k«/c.a 
040  - 74  k*/c 


- r aP  , " 0.6692  * 957 

ft,  C.%  P»  1 AP»1  _ 

. _ . _L  —5 — - i _ . o.6692  • 11, 

kp.  *0  7.774  & \ aP.2 


i.2 


C UM  k*/c.2  1 - 10>°OO; 

P»  -1  " . al  - 11,340 

Pi, 1 A, 
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•■tiler  and  the  covolume  will  be  higher  than  their  true  values. 

As  shown  by  Kokhanov's  experiments,  these  errors  are  extremely 

large  for  very  low  loading  densities  and  thick  powders. 

The  introduction  of  corrections  for  heat  transfer  losses  by  the 

above  method  provides  practicall>  identical  values  of  f and  a for  all 

p 

loading  densities,  and  transforms  the  hyperbola  PB  obtained  in 

Kokhanov  *s  experiments  into  a straight  line,  as  it  should  be  . 

S/ 

The  table  presented  below  lists  values  of  magnitudes  — and 

*0 

— for  manometric  bombs  of  the  most  typical  dimensions  (Table  9) . 


»0'  c*3 

21  .8 

25.25 

78.5 

d0 

2.2  ‘ 

3 ‘0 

4.4 

S* 

w 

0 

i 

2.17 

1 .89 

1 

j 

1 .30 

»o  * 7 774 

0.279 

0.243 

0.1673 

0 .0682 


Curve  Cj|  is  expressed  as  a function  of  the  burning  time  t^  of 
powder  at  A - 0.20. 

Inasmuch  as  the  burning  time  of  powder  t is  directly  proportional 

1 * 

to  the  total  pressure  impulse  ^ pdt,  the  dependence  of  C as  s 

0 

function  of  Ik  can  be  plotted  independently  of  the  loading  density. 

Work  of  this  type  wss  conducted  by  R.I.  Ssmarins  st  the  Wsvsl  Artillery 
Research  Institute  in  193S,  st  which  time  experiments  were  repeated 
with  bombs  with  and  without  steel  inserts.  The  pressure  wss  recorded 

94 
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A p»  « _ r.%  were  plotted 
by  ...A.  of  conical  crushers . The  v.lues  ^ 

f . lfl,.  l9).  The  for.  of  the  curve  differ,  so..- 
as  a function  of  ik  C*iK 


vhat  fros  curve  Cm*^ 


Bo.h  test,  for  determining  f nnd  a involve  bent  losses 

f.r  to  walls  of  the  bomb,  and,  therefore,  pressure. 

:;r — - — —r  r:^  m 


»•*»  s;rrt,n;1  ** 

, . . 0P1  N * because  -*j-%  _ \ 7.774  * 

<Sp2>ip1'.  but  Pi  ^ Pa  p W0 


i.  the  heat  transfer  coefficient. 

d of  cowolume  c»  be  determined  after  introducing  correction. 
* Y.lu„  of  pressure.  P *»-  P*.  *>»  *<,dln*  th* 

— - — - 

(s)  Csss  Chapter  U>  : 


- Ax 

6t  - ♦ «*a  * *.  a. 


- =-(P^Pl  * p!Sp2>  ” 


f - * 6,»  “ da  • ax  (pa  - pi>“  ipj  ipa 

a.  ,,  Pa-pr-pi  pa 

Aj  - &1  Pm  Pi  Pa*Pi  - pi°Pa  - t 

>5  1 
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r 


Finally , 


6p2 

T, 


6j_ 

f 


(18) 


P2  - Pi 


1 1_ 

2 

c^a  - + 5^2  - - 5 (p2^Pl  " pl6p2}  " 


- f 


(P2  " Pp 
P2^P1  " pl6p2 


<^Pi 


- - f 


(19) 


(P2  ' Pi)Pip2 


When  the  corrections  for  heat  transfer  are  taken  Into  account 

ip  % . c»*  f*.  i. 

p 7.774  WQ  A 

S* 

For  a given  powder,  Cu  - const,  and  lor  a given  bomb,  - consl 

■ 0 

only  A changes. 

Designating 


CJ%> 


— - D, 


7.774  W„ 


we  get 


ipx 


<*p2 


Pi  ai 


Substituting  th.se  expressions  la  formulas  (IS)  »ni  (1®) » *•  obtsia: 
St  l *2  ' 


— % - 
f 


(20) 


P2  ~ P1 
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&a  - - fl 


P2  " P1 


P,  • P2 


Let  us  apply  the  example  presented  above. 

Example,  1 ..  thick  powder  is  burned  in  a bomb  having  » volume 
of  78’.5~cm3;  the  powder  coefficient  is  C„  - 41  ; and  the  value  of 


s*  2 ' 3 

— — for  this  bomb  - 1-30  cm  c* 


S<*  _ 0 lb73  . 4 - 0.b692^  - 0.00t>692  - D. 

IT  7.774 
0 


wmoo.  _i  _ ^70  ' Without  correction  for  heat 

A - 0.15,  p1  - 1433.  ^ transfer  losses 

1 f - 800,000  kR-dm  k« , 

. _ o 25  P - 2756;  — - 11,020  d - 1-096  dm3 'kg . 

*7  2 -2 

«e  shall  BOW  calculate  the  corrections  for  f and  a taking  the  heat 


transfer  into  account 


0.6692 


2756  1433 

0.15  0.25 

2756  - 1433 


. o.6692  18,350  - 5730_  _ 6.4*; 


f ^ + _ 800,000  * 1.064  - 852,000  If-WHl 


Sa  - - 


f2  • D 


800,000  i 0*006692  _ _o.io85; 

143,300  • 275,600 


+ 6a  - 1.096  - 0wl085  - 0.9875 0.99. 
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CHAPTER  IV  - THE  LAW  OF_GAS_FORMATIOH 

1.  definition 

The  study  Of  the  law  of  R..  for-.tioa  under  the  simplest  conditi. 
ln  , constant  voU..,  per»its  the  application  of  the  obtained  rel.ti* 
.hip.  to  the  deter— ination  of  pressure  in  the  here  of  a weapon  -hen  t 
gun  is  fired,  i.e.,  under  condition,  of  vartahle  voiu^e. 

The  general  pyrostatlcs  fornula 

fwv  _ _ 


.ho.,  that  th.  .agnltude  of  gas  pressure  at  given  conditions  of 
loading  (IT. f.  ».  4>  i-  toverned  by  the  asount  of  the  burned 
portion  of  the  charge  y , -bereui'Vis  the  gravlsetrlc  lnflow 
poeder  gases  at  a given  instant,  and  fu»*  Is  the  inflo.  of  the  energy 

contained  ln  this  quantity  of  gas 

geeping  in  slnd  that  W*  varies  slightly  under  conditions  prev.i 

in  a aanoaetrlc  bosh,  it  -a,  be  said  that  the  pressure  is  «l~.t 
proportional  to  the  burned  portion  of  the  charge  * at  the  given 
powder  energy  f and  the  given  loading  denelty. 

Correspondingly,  the  nature  of  pressure  increase  in  ti„.  - und< 

tb.  ....  condition,  of  loading  is  also  d.t.rsined  In  th.  -.in  by  th. 

change  of  -agnltude  ^|r  with  tine. 

f tins  1.  a ter-  defining  th.  change  of  tig 
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An  of  this  magnitude  ^ -*«»  It  PO..ibl.  to  ^ermine 


the  means  by  which  the  gas  inflo.  during  burning  of  po.der  can  be 
regulated . 

2.  RATE  or  GAS  FORMATION 

We  shall  derive  the  formula  for  the  rate  of  gas  formation,  based 

on  the  burning  of  powder  in  parallel  layers. 

Let  us  assume  that  the  burning  of  a powder  grain  of  arbitrary 
shape  proceed*  in  concentric  layers  at  a constant  rate 
At  some  instant  the  grain,  -hose  initial  volume  is  At  «d  *hose 


» . . c has  a volume  /.  and  a surface  S (fig-  20). 

initial  surface  is  S , has  a voiu»«- 


W.  shall  also  assume  that  a layer  of  thickness  de  is  burned  during  the 
time  interval  dt . Then,  the  volume  burned  during  the  time  interval 
dt  will  be  expressed  by  formula: 


d /\  - Sde, 

cr 


Diff.re.tl.tln,  both  side,  of  this  equality  with  re.p.ct  to  t, 

vt  fit: 
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An  analysis  of  this  magnitude  makes  it  possible  to  determine 


the  means  by  which  the  gas  inflow  during  burning  of  powder  can  be 
regulated . 

2.  RATE  OF  GAS  FORMATION 

«e  shall  derive  the  tor.ul.  for  the  rate  of  gas  formation,  based 

on  the  burning  of  powder  in  parallel  layers. 

Let  us  assuse  that  the  burning  of  a powder  grain  of  arbitrary 
shape  proceed,  in  concentric  layers  at  a constant  rate  in  all  directionsj 
At  so.e  instant  the  grain,  -hose  initial  volume  is  ^ and  -hose 


initial  surface  is  S , has  a volume  /.  and  a surface  S (fig.  20). 


„ shan  also  assuae  that  a layer  of  thickness  de  is  burned  during  the 
tlae  interval  dt . Then,  the  volume  burned  during  the  time  interval 
dt  will  be  expressed  by  lorwuls: 


d /\  - Sde, 

cr 


'h. 

Differentiating  both  sides  of  this  equality  with  respect  to  t. 

we  get: 
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Multiplying  and  dividing  the  right  side  by  S1#  « *et: 


dt  ” A S 
1 1 


The  first  two  multiples  in  the  right  side  of  the  expression  depenr 
on  the  geo.etry  of  the  powder  grain: 

!l_  - the  lnlti.1  expowed  area  of  the  powder  grain  or  the  specific 
A*  surface  per  unit  grain  voluse  at  the  start  of  burning;  it 
•ill  be  shown  later  that  this  are.  depends  on  the  for.  and 
the  dimension®  of  the  grain  ; 

JL  - the  relative  surface  of  a powder  grain;  it  varies  during 
*1  burning  and  depend,  only  on  the  for.  of  the  grain  and  on 

the  relative  thickness  of  the  burnt  powder  layer,  but  not  o 
it®  absolute  dimension®. 

A.  will  be  .hown  later,  the  third  .ultiple,  the  linear  rate  of 
burning  u - depend,  on  the  type  of  powder,  the  pre..ur.  under 

which  the  powder  burns,  and  on  its  temperature.  I 

1.  order  to  detemine  the  r.te  of  burning  in  an  actu.l  te.t  botf> 
under  variable  pres.ure,  it  i.  necen.ary  to  know  the  thickness 
variation  of  the  burning  laysr  psr  unit  of  ti.e,  and  to  this  end  It 
necensnry  to  establish  the  purely  geometrical  relation  between  the 
thickness  of  tta.  burned  l.yer  end  the  voluse  of  the  posder  gases  is 
their  wsrlous  forms « 
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rig.  20  - Di a&r ajb  of  Powder  Burning  in  Parallel  Layers. 

If  the  pressure  curve  plotted  ms  * function  of  ii»e,  or  a table  of 
the  values  of  p versus  t Is  available  fro.  the  boob  test,  the  values 
of  4,,  t can  be  calculated  by  -eans  of  the  general  pyrostatics  formula 
(or  fro.  special  tables),  following  which  the  geo.etrlcal  law  of 
burning  can  be  applied  to  establish  the  relationship  between  the 
thickness  of  the  powder,  the  value  of  y and  — , and  to  derive  th 
dependenc  of  the  initial  exposure  -il  on  the1 for.  and  dl.ensions  of 

the  grains.  The  nu.erlcal  differentiation  of  ^ and  e with  respect 
to  Has  t will  per.lt  obtaining  fro.  the  experl.ent  the  rate  of  gas 
formation  and  the  linear  rate  of  burning,  as  well  as  their  variation, 

during  the  burning  of  the  powder. 

The  establlshaent  of  all  these  relationships  will  facilitate  the 
analysis  of  those  factors  which  can  be  used  to  control  the  quantity 
and  the  Intensity  of  gas  for..tion  during  the  burning  of  powder  and 
therefore,  will  per.lt  the  control  of  the  phenomena  of  a gun  discharge 
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, THE  KPFBCt  produced  by  the  geometry  of  a powder  grain  on 

3.  THE  EFFECT  GAS  r0RMATj0N 

Th.  inf  low  of  gue.  per  unit  of  time  for  « powder  of  a Riven  type 
(f , a,  4 . can  be  regulated  by  the  loading  density  or  by  the 

dimensions  and  the  shape  of  the  powder  grains. 

The  effect  of  the  Keometry  of  the  Riven  grains  on  the  rate  of 

gas  formation  depending  on  the  thickness  of  the  powder  burned 
given  instant  , can  he  determined  h>  -ns  of  the  basic  conditions  of 

the  geometrical  la-  of  combustion.  j 

The  geometrical  la-  of  combustion  permits  determining  the 
relationship  between  the  relative  thicRnes.  of  the  powder  burned^at 
the  given  instant  z - the  burnt  portion  of  the  grain  * - ^ 

( f\  being  tb.  volume  of  the  burnt  portion  of  the  po.der, , and  the 

relative  surface  of  the  po.der  *-  - the  same  Instant.  The 

. .k  „^t  E - — — on  the  shape  and  the  dimensions 
dependence  of  the  product  2-  ^ 

of  th.  powder  (grsin)  can  be  established  at  the  same  time,  which 
product  enter,  the  formal,  for  determining  the  rate  of  gas  formation 
...  . great  affect  o.  •••  .era...  tb.  ga.  Pr.a.ur.  P—'°PP 

during  s discharge* 


. . .f  pc. Cat  a.  Co.auaad  at  tba  3— 

(Inflow  of  Gason) 

investigation*  .born  th.t  the  dependence  of  » on  n for  .11  form. 
powder  1.  exprenned  by  . formul.  of  the  — 

(#)  In  derlwlng  thin  formula  for  one^grsln^an grain*  of  th# 

charge  compoeed  of  many . m.  ..a  *ro  regul ar  In  form,  tl 

charge  have  etrlctly  ldenticaldlmen*lou#Md^rer-*m  ^ angle* 

or“.r.  p.r.n.1  to 

each  other. 
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a X Z (1  « ♦ HI2)  , <22) 

wherei,A,  u are  shape  characteristics  - constant  values  depending 
on  the  shape  of  the  grain;  they  possess  a particular  numerical  value 
for  each  grain  shape  inherent  to  the  given  grain  fora. 

The  thickness  of  the  burnt  layer  e varies  during  burning  from 
o to  et.  the  relative  thickness  a vanes  fro.  0 to  1 . and  the  relative 

volume  v fluctuates  between  0 and  1. 

we  shall  no.  derive  the  dependence  of  v on  * for  strip  po.der  (a 

parallelepiped  «ith  three  different  dimensions)  (fig-  211.  »e  shall 

ffw*  the  thickness  of  the  strip,  2b 

introduce  the  designation*.  ^ 

for  the  width  of  the  strip,  and  2c  for  Its  length; 


Kig.  21  - Burnln^oTagraai  of  s Powder  Strip. 

Magnitudes  a and  9 cb.r.cterise  the  npnn  of  the  strip  in  thickness 
and  length.  Further^.,  inssnuch  s.  .11  the  di.en.lons  hecone  reduced 
ln  .11  directions  b,  . n^oitud.  ^ during  the  full  burning  of  the 
a - rsprssents  tbs  rslstlws  reduction  of  the  strip  in 

width  and  9 - ^ represents  tbs  rslstiwe  reduction  of  it.  length 
duriM  tbs  full  burning  period  of  the  powder. 
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Upon  renov 


ing  the  parentheses  we  obtain: 


2 2 

(1  + a + 9)  * + (a  + 9 + ci9)z  - cx6z  . 


on  in  the  formula  f or  vjj  , we  find: 


Substituting  this  expressi 


2 3 

4 - (1  «.  a + 9>z  - (a  + 9 + a6>z  - *2* 


*,  reducing  it  to  the  genera 


1 form  of  equation  (22),  we  get: 


( 1 + 3 ♦ 9) z 1 - 


3 ♦ 9 + a9 
z + 

l + a + 9 


30  o i 


1 + a + 9 J 


Introducing  the  designations 


1 + a + 9 - * 


a + 9 ♦ o9  _ ^ . 


1 + 3 + 9 


obtain  a general  type  formula: 


^ - X z (1  + A z + uz  ). 


ae  end  of  burning  at  z - 1 f - 1 , «nd  for.ul.  (23)  nsBu.es 


an  equality  in  the  fora 


1 . X (1  ♦ A + p.)  , 


which  must  be  satisfied  by  the  nu.erlcal  characteristics  >e , A and  n. 


M 
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This  equality  serves  to  verify  the  values  of  the  characteristics 
calculated  by  means  of  formula  (23) . 

The  characteristics  ^ , A and  u depend  on  the  ratio  of  the 
dimensions:  the  shorter  and  the  narrower  the  strip,  the  greater  is 

a and  the  longer  the  strip,  the  closer  is  ^ to  unity  and  1 and  \i 

to  zero. 

B.  The  Law  Governing  the  Change  of  the  Powder  Surface  * hen  the 

Powder  is  Burned. 

Formula  1 2 2 ) is  a general  formula  for  all  powder  shapes;  the 

difference  will  be  only  in  the  numerical  values  oi  the  characteristics 

£ p X and  p.  Using  this  formula  as  a basis,  we  shall  derive  a form- 

ula  for  depicting  the  relative  surface  - . - and  the  initial  exposure 

a 1 

S. 

characterizing  the  effect  of  the  shape  and  dimensions  of  the 

A1 

powder  on  the  rate  of  gas  formation. 

Differentiating  ^ with  respect  to  z.  we  find: 


dz 


3hz21 . 


Inasmuch  as 


d^>  dj>  dt  dt 
dz  dt  de  dz 


dt  A , 


— u. 
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then 


dz  \ Si  U \ Sj 


Substituting  this  expression  in  the  left  side  of  equation  (25) 
we  obtain 


Si 


*1 


(2b) 


At  the  start  of  burning  * - 0,  S - S , y - 1 , and  equation  (26)  at 


the  start  of  burning  will  be  written  as  follows: 


A 


e ! " * * 


(27) 


1 


Dividing  each  tens  of  (26)  by  (27),  we  will  find  the  desired 
relat ionsbip : 


6_JL«|  + 2As  + 3uz2. 


S 


1 


(28) 


At  the  start  of  burning,  at  z - 0, 

fS-  1; 

at  the  end  of  burning,  at  t - 1, 


riy  ■»  —5  — 1 + 2 X + 3u . 

K 
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While  the  powder  burns  and  z varies  froa  0 to  1 , the  change  of  6 
will  mainly  depend  on  the  magnitude  and  sign  o t the  characteristic 
since  u is  small  compared  to  A. 

If  the  surface  of  the  powdered ijniniahes  while  burning  (strip,  cube, 
bar,  A - 0)  the  shape  of  such  a powder  is  called  regressive;  if  t he 

surface  a rea  becomes  greater  during  burn! ng  (powder  with  mil tipj_e 
perforations,  A * 0) , the  powder  Recalled  progressive^ 

The  <3  function  depends  on  A and  u,  l.e.,  on  the  shape  of  the 
grain  and  its  dimensional  ratio,  rather  than  on  the  absolute  dimensions 
of  the  powder.  The  greater  the  value  of  A , the  greater  will  be 
the  surface  change  of  the  powder  in  burning. 

From  equality  (27)  we  obtain  an  expression  for  the  initial  exposure 
which  is  of  great  importance  in  controlling  the  rate  of  gas  formation. 


Si 
' "l 


JL 

*i 


(29) 


this  equality  shows  that  the  initial  burning  area  of  the  powder  depends 
on  Its  shape  (charac terist ic  rf ) , as  well  as  on  its  dimensions  («x) • 

The  smaller  the  value  of  e1#  the  thinner  is  the  powder,  and  the 
greater  will  he  the  quantity  of  gases  which  it  will  evolve  per  unit 
of  tine. 

Substituting  (28)  in  (25),  me  obtnin  formula 

**  - *•<*, 

ds 

which  will  be  used  in  plotting  the  graph  for  + , *. 
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X - - 


i e.  the  sue  as  those  obtained  for  tubular  powder. 

\t  1.  of  interest  to  note  that  c bar ac ter  1st ics  X and  • for  a 
tubular  grain  do  not  depend  on  the  dia.eter,  but,  rather, 
thickness  2ex  and  the  length  of  the  tube  2c. 

r.raln  shape,  which  are.derlv^tives  of_strip_po.der 

It  can  be  easily  uen  that  the  following  grain  shapes  can  be 
obtained  fro.  a strip  as  special  cases  of  the  latter: 

1)  square  rod:  2b  - 2c ; a - 3 , 

2)  square  slab:  2ex  - 2b;  a - 1,  - >0. 

3)  cube:  2e  l - 2b  - 2c  ; a - 3 - * * 

The  characteristic*  of  these  shapes,  as  well  as  of  strips  and 

tubes,  are  given  below  in  Table  10;  also  given  in  this  table  are  the| 
values  of  at  the  end  of  powder  burning. 


Ill 
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Table  10 


Povder  Shape  | * 


j wide  strip) 

! 

1 ♦ 3 

1st  rip 

i 

4 a + 3 

a ♦ 3 + ; 

1 4 a 4 : 

Square  Rod 

i 

+ 23 

23  ♦ 3 2 

1 4 23 

Square  Slab 

2 

+ 3 

1 ♦ 23 

2 4 3 

Cube 

3 

-1 

dg  - 1 + 2X+  3n 


(1  - a)  (1  - 6) 
1 + a ♦ 3 


a 2 

1 - 2? 


(1  - 3)' 
1 + 23 


The  data  presented  In  the  table  shows  that  all  the  grain  charac- 
teristics are  increased  in  changing  over  from  a tubular  to  a cube  shape: 
Jt  increases  from  1 to  3,  1*1  - from  a small  fraction  to  1 , u - from  0 
to  1/3. 

S1 

Since*  characterises  the  initial  surface  area  — for  a given 

1 

povder  thickness  2e^,  the  increase  of  * shows  that  in  changing  over 
from  a strip  to  a cube,  with  the  web  thickness  2ex  remaining  the  same, 
the  initial  surface  area  is  increased  almost  three  times  whereas  the 
simultaneous  Increase  of  \ indicates  a more  drastic  reduction  of  the 
surface  area. 

The  diagram  in  fig.  23  clarifies  the  above:  the  heavy  broken 
line  divides  the  strip  into  square  rods,  the  dotted  line  divides  it 
into  square  slabs,  while  the  dot-and-dash  line  divides  it  into  cubes 
of^the  same  t h lckness  as  that  of  the  strip. 
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Increasing  the  tube  length  will  ultimately  result  in  a powder 
grain  with  a constant  burning  surface,  for  which 

jr  . i , A - 0 , u-0; 

consequently,  the  relations  between  } , z and  6,  z will  be  expressed 


by  the  following  formulas: 


41  - z ; 1 ’ - 1 . 


Fig.  23  - A Strip  Divided  Into  Derj^f.*'  -apps. 

The  same  law  governing  the  burning  of  powder  will  apply  to  tubular 
powder  inhibited  at  its  ends. 

Examples  of  Calculating  the  Characteristics  of  Powder  Shapes 
1.  Strip  powder  CH  (SP) ; dimensions  in  millimeters:  1 by  18 

by  300. 

a - — * - 1-  - 0.05555;  * - 1 + a ♦ S - 1.0589; 

2b  18 

*•1  1 , -(a  + 6 ♦ a3)  0.05907  n 

9 2c  300  * 1.0589 


aa  0.00019  

a&  - 0.00019;  H ~ 0.00018; 

* 1 .0589 

<£_  * 1 4.  2X  ♦ 3u  - 1 - 0.11150  + 0.00054  ~ 0.889; 
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Table  1 1 (Cout ' d . ) 
King-shaped  pellet 


l2el  1 

00  ' 

u 

1 

X 

i 2ei  , 1 

0 U - r ’ B '■ 

i <2V 

1 

l 

comparison  of  the  data  in  Tables  10  and  ll  -U  .no.  that  the 
characteristics  < , * . u of  see  of  the  grain  shapes  listed  in  these 
tables  are  identical,  and  that  therefore  the  law  governing  the  change 
Of  volume  ^ and  surface  area  as  a iunction  of  the  relative 

. ..  ...  .....  S^b  bb.p..  .r.  <."••*  21211*15“ 

They  ...  tor  «»».•,  b>  . 

whose  height  equals  its  diameter,  or  by  square  and 
square  and  round  bars . 

D.  Graphical  I llu.t  rat  ioD_of^e_RelfHonships_Bet^en 

*,  G " 

Kno. ing  the  general  expression,  for  the  Inflow  of  gases 

2 

^ t(l  + (2  + ux  ) 

and  for  the  governing  the  change  of  relative  surface 


6 • 1 + 2^2+  3u* » 

..  ...  »,  .P.o*I‘.  •*>"••  “ *■  *“  oorr.bpobblb* 

......  .<«■««  ...  Pi"'  • «.-PP  «“  *“  r"‘r"‘1” 

grain  ahapaa. 

Th...  dlagran.  are  t«r«.d  -progre..lv.  data  .h..tn.” 


M 
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1 tube;  2 - strip; 

„e  shall  consider  the  follow!*,  shapes: 

ol.te-  4 - a solid  slab ; 5 - cube  or  sphere. 

3 . square  pl.t  • progressive  data  sheet). 

a)  ;is  lo  Bll  the  shapes  under 

slnce  * is  negative  an  ^ ^ the  horizontal  dotted 

consideration,  curves  , a collstaut  burning  surface 

line  l-l  , ehich  corresponds  to  a pow  e 


line  l-l  , ahicn  co 

area.  j fol-  all  powder  shapes. 

- - or  burr;  :r ^ues  of 

At  the  end  of  burning  - « ^ ^ lhese  values  are  given  in 

different  grain  shapes.  _ the  „presslon 

nr  for  a tubular  grain  u 

T.ble  10.  Inassucn  „ ,B(tul.r  coefficient 

tf-  1 ♦ d'plCl  “ 8lr‘lK 

.here  X<0;  the  straight  line  1 la 


,or  atrip  powder,  as  -*11  *8  * 
l + 2>r  ♦ 3u*2  where  X < 0. 


11  the  other  powder  shapes 


. 2 1 * t>U*  • "^2  " 6U  ° * 


Consequently.  curve  C5  , * 

At  the  etert  of  burning 


is  convex  with  reapec 


t to  the  i-axi® * 


2 A-  <0. 


to.  of  » IS  ..all  * *trip'  th*  curv,tur*  °*  th* 

Since  th.  wa  * and  * increase  a.  the  shape 

line  1.  v.r,  olUbt;  the  value,  of  * 


H 
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Fig.  24  - Change  in  are*  during  Fig.  25  - The  effect  of  grain 
regressive  burning  of  powders  shape  on  gas  inflow  for  re- 

of  different  shapes  y - f(z).  gressive  powders  v>  - F<z). 


is  the  tangent  of  the  slope  angle  of  curve  ^ , z with  the 
dz 

abscissa , while  the  shape  characteristic  / represents  the  slope  angle 
of  the  curve  at  the  origin  of  the  coordinates. 

When  z - 0 v-  0,  <?-l;  when  z - 1 1. 

All  the  curves  are  located  within  a square  whose  sides  equal 


unity. 

All  the  curves  originate  at  the  origin  of  the  coordinates  and  pass 

through  point  v - 1 , z - 1,  the  tangent  of  the  angle  of  inclination 

at  the  origin  is  f ~ - y . Further  variation  of  the  angle  of 

v <jz  ’ 

inclination  is  characterized  by  the  value  of  s.  Inasmuch  as  <3 
diminishes  in  all  the  powder  shapes  considered  here,  the  angle  of 
inclination  of  all  the  curves  diminishes  also,  and  hence  all  the 
curves  are  convex  upwards.  In  the  case  of  a tubular  grain  4 approaches 
unity  and  the  change  of  « is  small;  curve  1 practically  merges  with 
a diagonal  drawn  from  the  origin  of  the  coordinate  system.  for  a 
cube,  X - 3 is  maximum ; curve  5 has  the  greatest  angle  of  inclination 
at  the  origin  and  the  greatest  variation  of  this  angle  corresponds 
to  ths  variation  of  « . In  the  case  of  a cube  and  a slab  <3^  - 0, 
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and  hence  the  curve,  .re  tangent  to  the  horizontal  line  1-1  when 

z - 1 . 

The  arrangement  of  the  remaining  curves  2,  3,  and  4 is  obvious 

and  does  not  require  any  explanation. 

The  diagram  shows  that  for  a given  value  of  z the  portion  of  the 
burnt  grain  f will  be  the  larger,  the  more  regressive  Is  the  powder 
and  the  greater  is  Jf  . Tor  example,  in  the  case  of  tubular  grain, 
at  the  instant  the  first  half  of  the  thickness  (z  - 0.5)  is  burned, 
the  burnt  portion  of  volume  + will  be  equal  to  0.5005,  and  in  the 

case  of  a cube,  when  z - 0.5,  } - ^ - 0.875. 

Consequently,  a more  regressive  powder  gives  off  a larger  quantity 
of  gaaea  during  the  first  half  of  the  burning  process,  and  a smaller 

such  quantity,  during  the  second  half_- 

c)  The  o,  t diagram  has  the  greatest  practical  value,  because 
it  can  be  more  easily  compared  with  experimental  data  when  evaluating 
the  pressure  curves  obtained  in  the  burning  of  powder  in  a manometrlc 
bomb.  is  determined  from  * he  value  of  p by  the  aid  of  the  general 
formula  of  pyrostatlcs.  while  goes  into  11  obtained  by  the  numerical 

differentiation  of  the  dependence  of  f on  t.  When  this  data  is 
available,  a comparison  can  be  made  of  the  theoretical  and  the 
•xp«rlMAtil  results . 

inasmuch  as  the  equation  for  ^ * is  a third  power  equation, 

and  g , * is  a second  power  equation,  * is  usually  not  eliminated  when 
determining  the  dependence  of  & , ; rather,  by  assigning  definite 

values  to  m,  the  corresponding  values  of  ^ nnd  s are  computed,  nnd 
the  results  are  then  plotted  on  the  <3  , ^ diagram. 
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How  will  the  <3  , * diagram  change  after  it  is  transformed  into  a 
0 , diagram  (fig-  26)? 


Fig.  - Lif-vi  of  the  Shape  of  Regressive 

Powder  Grains  on  the  Change  of  the  Powder 
Area  During  Burning  - <•  - (^)  . 

Similarly  to  the  G,  z diagram,  6-1  when  ^ - 0.  At  the  end 
of  burning  when  + - 1 , will  have  the  same  values  as  when  z - 1. 

Consequently,  the  position  of  the  initial  and  final  points  will  not 
change. 

Since  all  curves  of  ^» , z are  situated  above  the  diagonal  dividing 
the  square  ^ , z in  half,  the  magnitude^  >z  will  correspond  to  some 
value  of  z,  and  this  magnitude  will  be  the  greater,  the  more  re- 
gressive is  curve  ^ , z. 

Therefore,  when  is  replaced  by  z,  all  the  points  on  curves 
x (see  fig.  24),  while  remaining  at  the  same  height,  will  shift 
I to  the  right  and  the  amount  of  displacement  will  be  the  greater,  the 

more  regressive  is  curve  * or  G , z (see  fig.  26). 

d)  A binomial  formula  for  the  relationship  ^ , ». 

The  examples  given  here  for  calculating  the  characteristics  x, 

A , n for  strip  type  powder  show  that  n is  very  small  for  strip  and 
plats  type  grains,  and  that  the  term  un2  does  not  appreciably  affect 
the  law  governing  the  variation  of  and  6.  Therefore,  in  order  to 
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simplify  the  expression  subsequently  entering  the  rather  complex 
formulas  of  pyrodynamics  in  the  solution  of  the  basic  problem,  a 
binomial  formula  is  used  to  express  y for  strip  type  powders  without 
impairing  the  accuracy,  by  neglecting  the  ter®  uz2  in  parenthesis. 

The  influence  of  the  neglected  term  uz2  is  compensated  for  by- 
changing  the  remaining  characteristics  and  ' , based  on  the  following 
considerations. 

Having  a complete  trinomial  formula 

y - * Z ( 1 + 1 Z + UZ2) 

with  known  characteristics,  we  shall  replace  it  by  a binomial  formula 
with  new  characteristics  and 

y - #^*(1  + vLz). 

In  both  equations  i ■ 0 when  z • 0.  We  shall  establish  the  following 
conditions  in  order  to  determine  coefficients  and  ^ : 1)  when 

z - 1 (end  of  burning),  the  binomial  formula  must  give  us  v - 1,  and 
2)  when  z - 0.5,  the  value  of  v determined  by  means  of  the  binomial 
formula  must  have  the  same  value  as  y found  by  means  of  the  tri- 
nomial formula  at  the  same  value  of  z - 0.5. 

Ve  thus  obtain  a system  of  two  equations  with  two  unknown  coef- 
ficients and  A1: 


when  z - 1 


*o  + \ ♦ n)  - i - 


when  * • 0.5 
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4 


2 (’ 


l ♦ 1 4 - 


l 4 


Solving  this  system,  we  get  12 : 


Jf  LL  Z' 

^ - * (1 
1 9 \ 


n \ 
2 1 


We  can  obtain  fro*  the  first  equation  of  the  system 


*1  - — - 1 
*1 


3 

K ♦ - M. 

2 


Since  both  A and  A < 0,  for  the  absolute  values  thereof 
1 


M - 


When  the  values  of  the  characteristics  * and  K are  determined 

i i 

in  this  Banner,  the  second  degree  curve  Y , z and  the  third  degree 
curve  y • * will  coincide  at  the  starting  point  z - 0,  then  at  z - 0.5, 
and  finally  at  the  end  point  z - 1. 

Thus,  in  the  case  of  strip-type  powder,  the  curves  practically 
coincide  also  at  the  intermediate  points,  when  the  values  of  it^  and 
A.  are  chosen  as  above. 
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Thu.,  the  binomial  formula  can  be  used  for  strip  and  plate  type 
powders  also  Id  the  future 

' “ « !z(1  + A 1Z)  ' 

Similarly,  we  shall  have  for  the  surface  ratio 


inatinK  * from  this  system  of  equations,  -e  get  the  dependence  of 


Elim 

(A  on  in  the  following  for*: 


tor  a given  value  of.,  this  relationshtp  permits  a direct  calculation 

of  the  corresponding  value  of  G. 

Hereafter,  -e  .hall  drop  the  indexes  of  the  characteristics  ^ 

and  A.  . 

4.  PROGRESS 1VE-BURWING  POWDERS 
A,  General  Data 

m all  the  regressive  types  of  powder  considered  here,  excepting 
tubular  powders,  the  surface  are.  always  diminl.he.  when  the  powder  1. 
burned,  because  burning  proceed,  in.ide  the  grain  in  concentric 
layers.  A tubular  grain  is  th#  exception  In  this  respect:  the 
surf sew  of  the  perforation  1.  displaced  in  burning  fro.  th.  axle  of  the 
outwards . thus  incr.ssing  It.  ares,  and  hence  partly  ccp.n.ate. 
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for  the  reduction  of  the  exterior  «urf.ce  area.  The  tubular  type  of 
powder  would  repr.went  a powder  of  constant  burning  are.  bordering 
between  progressive  and  regressive  forms  of  powder,  if  the  tube  -ere 
not  to  burn  from  its  ends  and  remain  unchanged  in  length. 


Fig.  27  - Grain  with  Seven  perforations: 
a - before  burning; 

b - at  the  instant  of  decomposition. 

At  the  start  of  burning  the  total  surface  of  the  tube  of  length 
2c  -ill  be  expressed  by  the  following  formula,  if  the  end-areas  and 
reduction  in  length  are  disregarded: 

- 2ttR2c  + 2"r  • 2c  - 2n(R  + r)  -2c. 

When  the  thickness  burnt  on  the  inside  and  the  outside  of  the  tube  is 
e,  the  surface  at  that  instant  and  at  the  same  tube  length  will  be 

S - 2n(R  - e)  2c  + 2"(r  + e)2c  - 2w<R  + r)2c; 

consequently,  the  surface  area  S - - const,  because  the  reduction 

of  the  exterior  surface  is  compensated  for  by  the  equivalent  enlargement 
of  the  interior  surface. 
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„ ... p”p'"’ ; 

t i nr r«ue  in  burning  indicates  a means  for 

perforation  surface  to  increase  requlre  tbe  use 

. of  the  progressive  type.  T 

obtaining  « gr.  increased  surface  area 

. erains  with  several  perforations,  »here  . 

8 te  for  the  reduction  of  the  outside  area. 

-if  the  Latter  will  compensate  for 

based  on  this  principle,  the 
The  grain  with  7 perforations  is  based 

lone  the  axis  of  the  grain  compensates 
centrally  disposed  perforation  along 

;. — — - •“  a;*p:: .... 

... ....  ~ '•  “ ... 

in  such  an  arrangement  UlR* 
of  2e  fro.  the  perforations.  In  such 

1 , lhe  distance  between  tbe  centrally  oca 

thlCta— ’ f 11  as  between  the  Utter 

perforation  and  the  outer  per  or.  . „b8  „U1 

end  the  outer  surface,  -HI  - lb*1 

burn  simultaneously.  ^n,rl. 

— « p—  r 

. . 4n  auction;  when  vhe  latter 

cylindrical  surfaces,  forming  c rc  direetloM.  the  grain 

converge  and  the  thichne.s  - -rn.d 

,„to  12  rod.  of  irregular  cross  section  fsllversj 
disintegrate,  into  The.e  product. 

-od,  mnd  6 outer  larger  rode  (fU- 

.nn.r,  »••  .........  ol  lb.  bur..M  .orf.c. 

..  — •‘,b  * ‘B*rP  ... 

..  . .Cl-  »•>  T. 

. ...rp  ripl-.T 

of  tbe  presence  of  sharp,  *P 

— . 

initial  burning  1.  accompanied  by  mere 
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.,  ....  i-.».  ....  — - 
Thl.  .. ...  •'  “•  pr°8”" 

A grain  with  1 perfection*  u*u»lly  h»*  a standard  dimension 

...  ...  — . a,  «•  <»*“*—;■ 

.... .. ....... ... - - “*•'  - ,h' 

.....  to  .....  ...  ,h*  P'r'0r“ 

„ .... .. ....I « ““  "■ *“  *■ 

2ej  - 2d; 


accordingly,  the  outside  grain 


diameter  is 


- 4 • 2e. 


* 3d  - Hd  - llei 


The  length  of  the  g 
D or  (20-25) d . 


rain  2c  i*  not  great, 


It  is  usually  equ 


al  to  (2-2.5) 


rl.  28  - products  of  Oeco-po.ition  of  a Grain 
ri**  2 With  7 Perforations. 

the  surf ace  Ucreaft  .1  the  time  of 

this  dimension  ratio, 

i3-/s-  - *-37’  “ *1 
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grain  -111  be  burned  lt.  « °*85) * Consequent ly , about  15%  of  the 
grain  la  burned  regressively  -ith  a sharp  reduction  of  the  surface 
area.  If  the  spacing  of  the  perforations  is  irregular,  deco-position 
does  not  take  place  at  the  sa.e  Instant:  -ebs  of  the  least  thickness 
are  burned  first,  followed  by  gradual  burning  of  the  thicker  -ebs; 

, portion  of  the  grain  undergoes  progressive  burning  and  the  remaining 
portion  suffers  a sharp  reduction  of  ns  area.  The  maximum  value  of 
Ss  is  ...Her  than  in  a normal  grain,  and  this  corresponds  also  to  a 

lower  value  of 

If  -e  inscribe  a circle  in  the  outer  prism  of  decomposition  (fig- 
28!  , its  radius  /°  - 0.1772(d+  2.^  fllji  - ihe  case  of  standard 

dl— ensions  J>  - 0.1772  • l - 0.5316ex«  °-532<V 

The  radius  of  the  circle  inscribed  in  the  inner  prls-s  of 
decomposition 0.0774(d  «•  2^)  - 0.2322*^  0.232*^  Therefore, 

at  the  end  of  burning  of  the  grain  a.  » -hole,  -hen  the  burning  surface, 
serge  at  the  center  of  the  outside  prls—  of  deco.poslt ion , the 
thickness  burned  Till  be  e^  - e1  + p ~ * 0.5326^  532e^ 

Thus  the  burning  of  progressive  po-ders  is  subdivided  into  t-o 
sharply  differing  phases:  1)  prior  to  deco-poaition  a varies  fro- 
0 to  1,  varies  fro-  0 to  <U  burning  proceeds  -ith  a gradually 
Increasing  area;  2)  after  deco-position  a changes  fro-  1 to 


*P 


1 ♦ 


f/*i,  changes  fro-  to  1;  burning  is  progressive. 


* - 


SOM  authors  (V.*.  alukbotnky)  consider  it  -ore  expedient  to 
consider  ^ - 1 -hen  1;  then,  at  the  instant  of  decomposition. 

(g  - q.653  for  sttodtrd  dliwiion*) 


•i  ±1_ 
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.............  - •'  po,"r  l" 

.....  .r.  ...  ««•*«•  »'  -O'"-  o' 

„„„  ........ «...  o< 

........... ...  .»•  •**••*•* -”1"  -a 

.......  .....  ..  ..  «'*■”  7 

. . .... .... --  •«  •» 

.....  «• »“  o' p..'»'-o.  »■ 

i . 2.  CL  .«•  “'  “...O.'O  r ' 2'  1 

.. .. ....  • ■*  a9‘;  “ ,b* 

....... .. ............. ...  >***•  ~ i“ ,o"  ■ 

fig.  29b. 


* 7 FIB*  30  - Burning  of  Kianensky  * 

Flg.  29  - Vtltb'i  Grain  with  7 Grain, 

perforations • 

a)  B*for«  burn In* ; b)  »t  th« 
instant  of  decomposition. 

. ,r...  ..I*  .TP*  f «•"**  * ‘”1”  " 

Tb.  ..  .»  o'  .«o-Po..“o"  '*  — ' 

„ »,  — .O'"  - - o—  ’ 
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of  the  burnt  layer  in  the  direction  of  normals  to  the  sides  of  the 
square.  As  s result,  the  cross  section  is  that  of  a square  with 
rounded  corners,  and  at  the  instant  of  decomposition  the  shape  of  the 
grain  appears  as  in  fig-  30b. 

The  products  of  decomposition  amounting  to  10*1  remain  between 
the  perforations . Hence  is  not  1 but  is  about  0.90  (9 (W  of  the 

grain  burns  progressively).  p"  - ( •./2_-_T)e1  , because  the 

diagonal  of  a square  with  side  e^. 

yor  reasons  which  will  be  discussed  later,  the  powder  suggested 
by  Klsneaaky  did  not  show  the  high  progressive  quality  anticipated 
by  him. 


Fig.  31  - A Grain  of  Klsneasky's  Powder 
Before  and  After  Disintegration  (Ob- 
tained in  Firing). 

Figure  31,  on  the  left,  la  a Klsneasky  grain  with  35  perforation* 
before  burning;  on  the  right  le  the  sane  grain  incompletely  burned  and  | 
ejected  from  the  gun  after  firing.  The  photograph  clearly  shows  the 
products  of  the  starting  disintegration  having  the  form  of  the  ’ace 
of  diamonds”  in  cross  section;  the  perforations  are  almost  round. 


STAT 
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fia.  32  - Transformation  of  a Square  Perfo 
F * ration  into  a Round  One. 

...  . si  nirif  nerforation:  a)  before 

Figure  32  ia  a large  gram  -ith  a single  P 

burning;  b and  cl  Intermediate  ststss.  — as  tbe  side  of  tbe 

square  perforation  is  - co.pari.on  with  tbe  ~b  tbic.ness. 

tb.  perforation  i.  tr.n.fora.d  into  a circle. 

^^P^^^P^^£n^of__the_Cbarac_ter£at^co_££ 

a)  First  phase,  first  method. 

The  is-  governing  burning  and  tbe  change  of  tbe  surface  of 
progressive  trp.  po-d.r.  is  eapre.sed  by  tbe  same  general  formulas: 

2 

«i(l  + Xz+  iax  ) , 

G-  1 ♦ 2X*  4 3mx2, 

„ ...  ...  ...  ..  ...  -or......  >.  “”**»'•' 

...  - “a  “ '“‘r 

. Mff(iArfl  only  th«  obtninnd 

i.  obtained  ei-ilerl,  to  re.re.sive  posd.r.,  s»d 

* . are  •— -hat  -ore  complex  than  for  regressive 

expressions  themselves  are  ■»- 

seeders. 
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f 


„e  „h*l 1 introduce  the  following  designations:  2c  - grain  length, 

2et  - web  thickness;  d - diameter  of  perforation;  D - grain  diameter; 
n - nuvber  of  perf ormt ions . 

The  burned  portion  of  the  charge  is. 


A 


O'-  1 - 


‘OC  T 

A, 


S ; 


It  can  be  easily  seeo  that  the  magnitude  - D - nd '2c  is  the 

ratio  of  the  perimeter  of  the  grain's  cross  section  to  a circumference 
.hose  diaseter  equals  the  length  of  the  tube  2c.  The  magnitude 

_ D2  - nd2  lB  the  rBtio  between  the  base  area  and  the  area  of  a 

W 1 “ q 

(2c)2 

circle  vboie  diameter  is  2c. 

The  initial  grain  voluse  is 

/\  - C(D2  - nd2)  2c  . 

1 4 


The  unburned  portion  of  the  grain  by  volume  at  a given  inatant 
A - t.  /-< D - 2e>2  - n(d  ♦ 2e>2_7  (2c  - 2e)  ; 

OCT  4 

D2  _ nd2  - 2(0  «■  nd)  2e  - (n  - 1)  (2e)2_7 

*\>CT  _ — 


D2  - nd2 
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1 


D + nd  _ d - 1 

2c  2 

Under  such  conditions,  performed  powder  is  no  longer  progressive. 

In  particular,  for  a grain  of  standard  cross  section  with  7 
perforations,  -hose  D - lid,  the  condition  X - 0 is  satisfied  -hen 

2c  - tid  - 3 • 2e1( 

and  since  » <0,  the  are.  of  such  a short  grain  .ill  diminish  -hen 
burned . 

A study  of  the  A coefficient  shows  that  progressivi ty  increases 
with  the  nuaber  of  perforations,  if  the  diameter  of  the  perforations 
at  the  same  web  thickness  decreases  and  the  length  of  the  slab 

increases ♦ 

The  expression  for  the  surface  (area)  change  -ill  have  the 
following  general  for.: 

6-  l ♦ 2»z  * 3uz2. 

In  the  case  of  rectangular  shapes,  such  as  the  glsnessky  grain, 
the  magnitude  in  the  ratio  between  the  perimeter  of  the  cross 
section  and  the  perimeter  of  a square  -ith  side  2c  equal  to  the 
length  of  the  slab,  and  Qx  is  the  rstlo  between  the  cross-sectional 
area  of  the  grain  and  the  area  of  the  same  square  with  aide  2c. 

If  we  call  the  side  of  a square  slab  Aj,  the  side  of  the  squsre 
perforation  s1,  the  length  of  the  slab  2c  and  the  number  of  perforation* 
n*  (a  borlsoatsi  and  vertical  roi»)( 
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n, 


CAX  + *!> 


4 


2 2 0 

- n a^  2e^ 

7T~  f 9 - — 

C2c)  2c 


1 2c 

These  formulas  hold  true  for  Walsh’s  grain  as  well,  but  inas- 
much as  the  cross  section  of  this  grain  is  more  complex,  the  formulas 
for  Tlj  and  Qj  are  likewise  more  complex. 

The  outside  wail  of  Walsh’s  grain  can  be  considered  as  consisting 
of  six  arcs  whose  lengths  equal  1 3 of  a circumference  of  diameter 
- d + 2 - 2©1  and  which  are  described  from  the  centers  of  six 
perforations,  and  six  arcs  each  measuring  1 of  a circumference  of 

diameter  described  from  the  outside  vertices  of  equilateral 

triangles  with  side  aL  - 2e L + dx , whose  other  two  vertices  lie  in 

the  center  of  the  perforations  (fig.  33). 

In  such  a case  the  cross-sectional  area  ST  of  the  grain  consists 
of  the  following  elements: 

1)  12  triangles  with  side  less  three  sectors  of  a circle  of 
disaster  dx  at  their  apexes. 

2)  six  sectors  each  measuring  1/3  of  a circle  of  diameter  <5^ 
less  six  sectors  each  equivalent  to  l/3  of  a circle  of  diameter  d^ 

•x-K*?- 


I2>f3 


- Sdf  4 26 
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b)  A binomial  formula  for  the  second  phase. 

Since  for  a standard  grain  -ill.  7 perforations  the  characteristic 
* i.  ...11,  the  la-  governing  burning  *-*<*)  can  also  be  expressed 
with  sufficient  accuracy  by  means  of  a binomial  formula: 

^ - KjlU  + * xz>  • 

The  characteristics  ^ and  ^ will  be  found  under  the  condition 

that  -hen  . - 1,  f V “"d  ' °'5'  th<?  V‘1Ue  * aCCOrdi“K 

to  a trinomial  formula  would  be  equal  to  the  value  of  V according  to 

the  binomial  one.  -e  thus  obtain  a system  of  two  equations  as  for 
regressive  powders: 


when  z - 1 


when  z - 0.5 


*(1  + \ + u)  - vs  - ♦ xi>  * 


* fl  > 

2 \ 2 4 


l(i  ♦ £ 
2 2 


Solving  it  we  get 


*i  - *1 1 - 


snd  then 


1 *i 

(instead  of  X.  - — - 1 *or  regressive  powders) 

<1 
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Example.  Compute  the  shape  characteristics  of  progressive  powders. 
Grain  with  7 perforations. 


- 1;  d-  0.5;  D - 5.5;  2c  - L2.5  mm 


2e 


a - 


i i 


2c  12.5 


- 0.08; 


0 + __7d  _ 

2 <•  12.5 


- 0.720, 


D2  - 7<12  _ 30.25  - 7 • 0.23  _ 28  ■ 50  _ 0.1H24: 

^1  " " o 

(2c)  156.25  156.25 


Qx  + 2H  - 0.1824  > 2 • 0.720  - 1.6224; 
Qx  ♦ 2n  1 .6224 


X 6 

Qx  0.1824 


0.08  - 0.712; 


X - 


(n  - 1)  - 2nx 
Qx  ♦ 2HX 


6-1.44 

3 - • 0.08  - 0.225; 

1 .622 


(n  - DSj 

S * 2ni 


6 • 0.0064 


1 .622 


- - 0.0237; 


-*(1  ♦ X ♦ u)  - 0.712(1  ♦ 0.225  - 0.0237)  - 0.712  • 1.2013 
* - 0.855; 


l + 2*.  + 3li-l  + 0.45  - 0.0711  - 1.379. 
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in  the  cim  of  the  binomial  formula  ^ -*,*(!  * = 


*1  * * 1 


. - 0.712  • 1 - 


0.0237\1 


- 0.712  * 1.0118  - 0.720; 


_]  - o .1873  ; 


. • * (1  ♦ A ) - 0.720(1  + 0.1873)  - 0.855; 

is  1 1 


i + 2 A ^ - 1.375. 


It  can  be  seen  that  the  difference  between  the  values  of  &8 
corresponding  to  the  Instant  of  disintegration  obtained  by  trinomial 
and  binomial  formula.  —Id  he  very  -all  (0.0041.  so  that  in  practice 
the  binomial  formula  can  be  used  for  powder,  with  7 perforations  in 

the  first  phase  of  burning. 

c)  Second  phas e (after  disintegration). 

The  product,  obtained  after  decomposition  in  the  for-  of  small 
prism,  of  triangular  cross  section  (mith  curved  side.)  burn  regressiwely 
with  rapid  surface  reduction,  similarly  to  a square  or  round  slab. 

A detailed  investigation  mad.  by  G.V.  Oppokov  Z~13 J.  “•*“« 
the  assumption  that  burning  proceed,  in  strictly  parallel  layers, 
provides  general  espressions:  on.  - prior  to  burning  of  the  thinner 
inside  prism. . — the  other  - until  the  end  of  burning  of  the  outside 
pri— . using  the  formulas  suggested  by  hi.  - a basis,  Oppokov 
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d , table  lor  the  values  of  ^ — tlon  of  * thC 

Pr"#  . are  burned  - -n  when  only  th.  remainder.  of  th. 

and  large  ^ of  his  „U  shows  that  1-  change 

lfcrge  prisms  are  bu«.  • of  dPCOBposlUon  almost  correspond. 

in  the  oIa^,,e.,.s  — - - 

to  the  Change  in  the  sun  » 

regressive  than  in  the  case  of  a P determining  the  relationship 

~ — :i:;r .... ......  - - — 

, T in  the  second  phase  . 

t*  . j +.i  ) veilll  have 

to  the  point  of  decomposition  <*.  *•  ? 1- 


4,-  " *2(7' 


1 1 


X ~> a - 1 1 . 


(30) 


He  ■hall  determine  X2  ®n<3  2 ,-n*. 

r u, must  equal  unity  according  to  formula  (30). 

1)  when  z - K>  + x . r ,he  surface  « must  become 

2)  at  toe  end  of  burning  when  * “ *K 

eauml  to  zero. 

with  respect  to  i,  we  g 

Differentiating  equation  (3  ) 


*± . is,  - *2  r» + 2VZ  ■ n-7' 

“*  A, 


The  second  requirement  -ill  be 


satisfied  if 


1 ♦ - 1)  “ °- 


The  first 


r squireses t elll  be  eritten  thus: 
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<«  - n ri  ♦ *2(z«c  • 1)-7' 


Solving  this  equation  me  find  that 


2(1  - 


A2  2(zk  - 1> 


of  these  formulas  shorn  that  for  a standard 

Calculations  byse.ns  of  these 

r,  9 J/  *•  0 • H 5 5 : 

train  with  7 perforations  vhen  - * • fs 


2 • 0-H5  _ o.54f 

X i • -0.94;  k2  - 

2 2 • 0.532 

for  Walsh 's  grain  when  1-232  and  ..-0,95 


• -2.16;  *2 


2 • 0.05  _ 0.432. 


2 • 0.232 


z.  & 


. S S_  _ vi*  for  prog 

in  order  to  construct  diagra-s  ^ - *•  ’ Sl 

hall  resort  to  the  following  general  formulas: 

shapes , me  shall 

„ 2 

„d  I . 1 ♦ 2**  + 3»i*  » 

^-**(1  ♦ l*  ♦ n»  > “d  ^ 

unable  slso  to  the..  .W*  but  B°*  ' 

vblcb  art  ippllcabit  mim 
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4,  - <1;  the  end  of  burning  occur*  when  z > 1 , the  coefficient 

U -0  (not  only  for  grain*  with  7 perforation*,  but  also  for  the 
Kisnensky  grain*) 

Accordingly,  the  diagrams  will  appear  as  shown  in  fig.  34  and  35 
I - grain  with  7 perforations; 

II  - grain  with  shaped  outer  web; 

III  - Kitne&sky ' s grain. 


H L \ 

* 

i 

| 

- \ 

i 

I 

Fig.  34  - •-  f<x)  relationship 

for  progressive  grains. 


Fig.  35  - v-  fx(z)  relationship 
for  progressive  grains. 


iDtaaucb  a*  U - 0.  the  convexity  ol  the  S/Sj,  * curve*  1*  directed 
upward*.  When  cona.-uctlng  an  S/!>1  diagram  as  a function  of  v,  the 
corresponding  point*  of  theS/Sj.x  diagram  will  be  displaced  to  the 
left  (the  reverse  of  regre.slve  grain*),  this  displacement  being  the 
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Fl£.  3b  - «•  iU  ’ on  for  Progressive  Powders, 

a)  Inhibited  ponders  of  high  progress!  v 1 1> 

Inhibited  powders  constitute  oue  of  the  forms  of  Highly  progressiv 

powders . 

These  powders  fl^st  appeared  in  Russia  soon  after  the  appearance 
of  Kisneasky’s  powders  and  were  developed  Jointly  with  the  latter. 

This  p rob lew  was  studied  by  O.G.  Filippov,  an  instructor  at  the  Artille 
Academy,  in  1920-1928. 

Inhibited  powder  is  obtained  from  ordinary  tubular  powder,  whose 
outside  surface  is  coated  with  a special  nonburning  substance. 

When  such  a powder  is  ignited,  only  the  inside  surface  of  the 
grain  ourns,  vhich  surface  Increases  in  proportion  to  the  diaiaeters 
ratio  Dq  : dQ . When  the  diameter  of  the  perforation  equals  the 
thickness  of  the  tube 

— - — - 3. 

S!  * d0 

The  resulting  progrsssleeness  Is  greater  thsn  In  a Kisneasky 
grain  with  36  perforations. 
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rl.  37  - inhibits  Tubular  Powder. 

, of  tb is  idea  and  the 

Solar i thst  a tiding  the  apparen  the  practical 

ibllltv  of  obt a 1 n lhK  high  p rog ress i v i t > . 
theoretical  poss  - ^ ^ ^ ver>  difficult,  because  the 

re‘11ZatlOD1  er  a.t  not  burn  and  raust  be  capable  of  protect^  the 
inhibitor  a>  At  the  sa.e  ti.e  it  — ‘ 

outer  tube  surfac  ahaken  and  be  strong 

• to  ei that  and  abrasion  when  shaken 
■uf f icientlv  stroua  motion  of  the  gases. 

nt,  the  surface  by  tht-  actio- 

enough  not  to  be  torn  ted  powders  is  greater  s.oking 

„ ~ — ■ - — 

’-'—s.r  ;££**** 

do  not  bum.  b thicknenn  of 

■■  — — ;; ...  — >— 

::  — - 

Applying  the  genoml  .ethod,  « get‘ 


146 


STA-j 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


P" 


A - 1 ; * - 


-0.5;  <3  — 1 + 2 • 3 . 

1 + * K 


By  reducing  the  diameter  of  the  perforation  with  the  web  thickness 
remaining  the  same,  the  geometric  p rogress l v eness  can  be  considerably 
inc  reased : 

d - ~ \ - 2 ; * - - , (5V  - l 4 2A  - 5. 

0 2 3 K 

CHAPTER  V - BURNING  RATE 

The  burning  rate  of  powder  rainlv  depends  on  its  properties  and 
temperature,  and  the  pressure  and  temperature  of  the  gases  surrounding 
it. 

Inasmuch  as  the  temperature  of  the  gases  formed  during  burning 
of  powder  as  yet  does  not  lend  itself  to  experimental  determination, 
the  burning  rate  is  usually  expressed  as  a function  of  its  properties 
and  gas  pressure  which  is  known  from  experiment  at  any  given  instant 
of  time. 

The  functional  dependence  of  the  burning  rate  u on  pressure  of 
the  form  u - f(p)  is  known  as  the  ’burning  rate  law,”  and  this 
lav  i*  expressed  by  various  empirical  formulas  as  given  by  different 
authors . 

Experimental  determination  of  the  burning  rate  of  powder  is 
possible  on  the  basis  of  s test  curve  depicting  pressure  as  a function 
of  tiss;  this  involves  tbs  use  of  the  fundamental  relationship  of 
the  geometrical  lsw  of  burning  giving  the  relation  between  ^ end 

* - •/•l* 
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For  determining  the  burning  rate,  use  is  usually  made  of  strip, 
plate  or  tubular  powder,  of  uniform  thickness,  its  dimensions  are 
carefully  measured,  the  mean  values  of  2*^  2b,  2c  or  2e1(  Dq,  dQ, 

2c  are  determined,  the  characteristics  of  and  X are  calculated 
(using  the  binomial  formula),  and  a graph  Is  constructed  for  - f<z>- 

The  powder  is  then  burned  In  a.  raauometric  bomb  using  a strong 
igniter,  to  insure  simultaneous  ignition  along  the  entire  powder 
surface  so  as  not  to  impair  the  initial  dimensions  used  for  calculating 
the  * and  X.  characteristics. 

The  analysis  of  the  bomb  test  data  is  conducted  in  the  following 
manner  . 

Having  obtained  from  the  bomb  test  a curve  of  pressure  p as  a 
function  of  Use  t,  and  upon  determining  for  this  powder  on  the  basis 
of  the  derived  relationships  the  law  governing  the  variation  of  vf/ 
with  z or  e and  constructing  the  corresponding  y , z or  ^ , e diagram, 
we  can  determine  the  rate  of  burning  u at  the  given  pressure.  Indeed, 
knowing  the  values  of  p,  we  can  determine  by  means  of  the  general 
pyrostatics  formula  or  from  tables  the  values  of  ^ , for  which  we  take 
the  values  of  e from  the  , e diagram.  The  difference  between  the 
neighboring  values  of  e will  give  the  increment  A e for  the  time 
interval  At,  known  from  measurement  of  the  p,  t curve;  the  Ae/ At 
ratio  gives  the  burning  rate  u at  p which  is  an  average  value  for 
the  given  section.  Thus,  having  at  our  disposal  calculated  data  in 
the  for*  of  a table,  we  can  determine  the  variation  in  the  burning 
rate  end  of  the  given  powder  due  to  change  of  pressure  p (Table  12) • 
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Plotting  the  obtained  values  of  u,  pcp  (Pcp  “ Pm#ao  “ Tranelator) 
on  a graph,  we  can  find  the  change  of  u with  change  of  pressure  p, 
and  thug  determine  the  burning  rate  law. 
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The  formulas  moat  often  used  for  determining  the  burning  rate 
•re  the  following. 

•)  Viellle's  formula  (exponential  equation) 

u - Apv, 

• here  A and  •>  depend  on  the  nature  of  the  powder,  and.  in  particular. 

V may  be  equal  to  unity. 

The  smaller  the  value  of  v , the  less  sensitive  is  the  powder  to 
pressure  changes. 

Tor  smokeless  powders  Vieille  used  o.  2^3,  and  for  ordinary 
black  powders  v - 1/2.  Our  tests  with  slowly  burning  black  powders 
for  a time  fuze  gave  the  value  of  - l /*>. 

G.A.  Zabudsky  used  P - 0.93  for  pyroxylme  powders.  Some  authors 
use  v> - 1 for  cordites  and  v-  1 .07  for  ballistite. 

b)  Binomial  formula 

u — a 4 bp . 

11  w“  flr,t  u«ed  by  Prof.  S.P.  Vukolov  (1891-1897)  in  the  Nawal 
Technical  Laboratory,  and  then  by  Wolf  (1903)  and  Prof.  I.p.  Grave 
(1904).  Muiraur  employed  this  formula  considerably  later  (1930-1935). 

la  him  thesis  (1904)  I.P.  Grave  fuj  compared  formula  u - Ap» 
with  formula  u - ap  + b by  analysing  a large  number  of  bomb  tests 
conducted  by  himself  and  others  and  arrived  at  the  following  conclusion: 
"Both  formulas  can  be  considered  equally  valid  for  expressing  ths 
law  governing  the  change  of  burning  rate  under  varying  pressure, 
bscsuss  ths  mean  errors  obtained  with  the  use  of  these  formulas  are 
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generally  the  .»•,  end  both  for.ul.s  give  practically  identical 
results . M 

This  deduction  which  appears  strange  at  first  glance,  namely, 
that  a parabola  (se.lcubical)  and  a straight  line  not  passing  through 
the  origin  give  identically  accurate  results,  can  be  explained  as 
f ol lows . 

The  first  tests  in  bo.bs  since  the  year  1880  were  conducted  with 
the  use  of  cylindrical  crushers  which  do  not  permit  recording  pressures 
below  300-400  kg/cs2  (fig-  38).  The  test  data  (points)  are  usually 
scattered  to  a certain  extent  and  do  not  lie  on  a definite  line.  As 
a result,  sose  of  the  investigators  drew  a parabola  u - Ap"  through 
these  points,  and  others  drew  a straight  line  u - «P  ♦ b which  does 
not  pass  through  the  origin  of  the  coordinates  (curve  2) . 

The  conclusion  arrived  at  by  Prof.  Crave  confirws  the  fact  that 

both  lines  pass  sufficiently  close  to  the  points  plotted  on  the 

, 2 

basis  of  tests  at  pressures  exceeding  400  kg/c«  . 

The  relationship  « - ftp)  could  not  be  obtained  experimentally  at 
low  pressure.  ( 400  kg/c-2)  at  that  ti-e,  and  the  question  of  the 

trus  relationship  continued  to  re-ain  open. 

c)  Forsula  u - Ap . 

Charbonler  (1908)  first  accepted  the  burning  rate  law  in  its 
general  for.  u - Ap* , and  then,  on  the  basis  of  hi.  own  analysis  of 
test  curve,  p.  t obt.lned  in  bo.b  tests,  arrived  st  the  conclusion 
that  for  Freacb  atrlp-typo  B powders  Vca»  be  taken  equal  to  o - l. 
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Integrating , we  get: 


e r F e 

C de  - e - A ( pdt  or  \ pdt  - - • 

0 0 0 

>laK  ter-ln.tes  .hen  thickness  eL  is  burned.  The  full  vl.e 


jf  burning  will  be  t^,  a 


nd  we  will  hav< 


- A \ P<3t  > 


whence 


const  (for  the  given  powder) . 


Magnitudes  ej  and  A characterize  the  dimensions  and 
the  powder  and  do  not  depend  on  the  condition,  of  loading 

It  follows:  that  if  the  burning  rate  la-  u - Ap  is  correct, 

the  pressure  i.pul.e  of  the  powder  gases  depends  oniy  on  the  burned 
thickness  of  ths  powder,  on  the  burning  rate  coefficient, 
the  characteristic  properties  of  the  powder,  and  does  not  depen 

th«  loading  dnnnity. 

...  f.ll  ,rMnr*  *»»•«  *•“  ““  “*  “ 

..If  « ...  •>«  «•  »«"“«  *"  “* 

....  ...fficl...  ».  W*  ~ lh*  1“'““ 


IsiCTi 
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Fig.  39  - p,  t Curves  for  Different  Loading  Densities. 

When  conducting  tests  with  tubular  powder  of  one  kind  in  a Krupp 
boab , with  A varying  from  0.12  to  0.26,  and  upon  measuring  the  area 
under  the  pressure  curves  p - f(t),  Schmitz  had  found  that  the  areas 

^ pdt  found  by  experiment  are  actually  equal  to  one  another,  which 
0 

finding  confirms  the  validity  of  the  u - Ap  law. 

Figure  39  shows  the  form  and  arrangement  of  p,  t curves. 

The  greater  the  loading  density,  the  smaller  is  the  burning  time 
and  the  higher  is  the  gas  pressure  p,  t curve. 

Were  the  u - de/dt  - ap  + b law  valid,  then,  after  transformation, 
we  would  have: 


de 


apdt  + bdt 


and 


^ p<u  - •j/i 


‘r- 


Inasmuch  as  tg  decreases  when  n increases,  then,  according  to 
the  u • ap  ♦ b law,  the  full  gas  pressure  Impulse  should  become 
greater  with  increase  of  loading  density. 

Vhen  applying  the  u - Ap*  law,  where  ^ 1,  an  analogous 

155 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


pdt  does  not  depend  on  the 


deduction  is  obtained.  tK 

Schsits's  tests  have  shoen  tha  ^ 

, lo  piOVe°the  validity  of  the  u - AP 

loading  density,  which  serve 

.... 

These  tests  ha  lbeoretiCal  deduction  and 

the  verification  of  theo 

and  provided  data  for  work  of  Kuiraur  on  the  study 

investigations.  The  latter  tnclu  . ^ ^ of 

0f  the  burning  rates  of  colloidal  Powders  ^ ^ burtlln« 

calculating  the  anount  of  heat  transferred 

of  po-der  ■ pyroJtyl  ine  and  nitroglycerine  po.ders 

,.K.  Serebriahov  s tes  ^ tliM  «...  .»U  >- 

co— d tbe  — - - ;b;;8;ction  IU  .»>  - — 

discussed  in  greater  detail 

la.  of  burning-  ^ t„.  value  of  - the  rate  of 

Tbu.  it  -ay  re>ction  ln.ide  the  grain  i-  Erectly 

penetration  of  the  burn  n ^ ^ expres.ed  by  the  for-ula: 

proportional  to  pressure , *-••• 

, . “ ratio  b.«.«a  the  burning  rate  at 

„.r.  * can  - — “ ^ tbe  .Mnitud.  of  tbi.  pre.eure 

p _ 1 (»e  shall  designate  it  y l 

p - 1: 

A - Uj/1 

. rAf-ri  to 

. t iodic thmt  thi«  burning 

(tb«  oubocript  i 

p • 1)  • 

i 
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r 


This  formula  can  be  rewritten  thus: 


U “ ui  ‘ ? " ulp; 

when  p - 1 u - 

The  dimensionality  of  the  value  of  ux  can  be  seen 
equal It y 


P Bec  dm* 

t.  the  rate  referred  to  unit  pressure. 

1 .e . , this  represents  the 

Similarly  to  powder  energy  f and  covolume  the  magnitude  ux 

con.tltute.  a fundamental  balU.tic  characteristic  of  po.der  and 
similarly  to  f and  -pend,  on  the  physical  and  chemical  properties 

of  the  powder. 

The  value  of  u,  for  pyroxyl ine  po.der.  varies  from  0.0000060  to 
0.0000000  dm/sec  : */-»•  The  thlcher  the  po.der,  the  .eater  is 
th.  content  of  volatile,  and  the  -leer  is  the  bur„lng  of  the  po.der. 
Tbe  higher  the  bitrogen  ebbtebt  lb  pyroeylloe,  the  eore  repl 

,b.  bbeb.bg.  ..  “l  - “ “*  ““  “ 

w th.  greater  its  content  the  more 

nitroglycerine  content  itself,  and 

r.pld  1.  the  burning.  Tbe  admixture  of  dlaltro-deriv.tlve.  in 
powders  in  a non.ol.tll.  solvent  usually  reduce,  the  burning  rate. 

Vsrylng  of  the  content  of  volatile,  by  .1%  lo-.r-  the  burning 
rate  of  pyroxylin,  powders  by  10-13%. 

Tb.  folloe.bg  eepl olo .1  <.™i.  >•'  ..<."»»*■«  ’»* 

....  ..  p,r..,i».e  4 “** 
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„.F.  Drozdov  in  our  country,  zppe.r-  t»  A-ericzn  literature. 


0 .0025£ 


i°>  + 2561h  + 908 -5h 


,beret  _ tid , 400  CN  - 6.37)  - powder  energy  in 

to  . temperature  of  powder; 

h 


• . 

,r,  removed  by  six  hours 

content  of  volatile  substances 

of  drying  (moisture)  , 


I aryiun  v— ~ 

i -nt  in  Hr  - not  removed  after  six 
content  of  residual  solvent  in  * 

hours  of  drying  ; 

H - nitrogen  content  in  %• 

t -ffect  of  various  individual 
this  formula  clearly  shows  the  effect  oi 

i rate  but  does  not  give  sufficient  satisfactory 
factors  on  the  burning  rate,  but 

, t as  regards  our  own  domestic  powders. 

.. — — - •»  : 

...  co........  ...  — ■ •“ 


n >175(M  - 6.37) 


mm  *8  — 

Qj IZJJHZ  : 2 

1 0 .04(220  _ t°)  + 3ta  + h “eC  d* 

Q 175  ■ 10-4(W  - «=-  : 51- , 

“ 0.04(220  - t®>  ♦ 3b  + b’  sec  d. 

.....  ..  ...  *•*"*>“”  " •“* 
l - 700,000(11  - 6.37  k*-d»/k«>- 
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.....  .......  ..  ...  «'  >“  ‘“0r'  8”'* 

...  .......  O,  ......  ..  . P.~—  *“"■  •“  "°*<‘" 

... ..... ... ......  ■>.  l“ ' 

formula  for  determining  ux : 2 


2 

C1  ■'  p 


6 •/  ttc~ 


.here  g - acceleration  of  Kr»vlty; 

s . physical  density  of  poeder  ; 

. m eyases  f o med  in  burning 

c - probable  velocity  of  solecule.  of  gases 
r»  - m-w.  • 


p of  powder; 

Cl  - velocity  of  active  gas  -lecules  • -serine t to ^netgy  is 
1 *urfsce*of  the*posder^ undergoes  an  lspact  . 


c and  Cl  depend  on  the  nature  of  the  povder  and  of  the  gases 
P 1 

formed  during  its  combustion. 

. u at  loading  densities  A of  from 
Schmitz  had  conducted  his  tes 

. at  very  low  loading  densities 

o 12  to  0.26.  Later  test,  had  shown  that  at  very 

l l*  Ddt  is  a linearly  decreasing  function 
>.0.015)  the  integral  ^ p dt  1 

0 

t ime : 


pdt  - S„  " Kt 


A.  .a.  .bows  above,  -ueb  s r.l.tlon.blp  i.  obtained  under  tbe 


burning  rste  lav  u - ap  + b. 
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. y k Serebriakov  /*5_7  and  A . I . Kokhanov 
In  the  teats  conducted  by  k-  • 

i <K  ndt  changes  with  Increase  of  the 
It  ...  »ho.n  that  the  integral  K pdt  ch.ng 

tine  of  burning  only  in  the  case  of  powder,  of  considerable  thickne-s 
(2ei  > 0.b>;  m the  case  of  very  thin  powders,  the  full 
.t  low  loading  densities,  does  not  depend  on  the  loading  density 
This  shows  that  the  speed  of  the  process  governs  the  heating  o 
.dereass  is  of  importance,  and  that  the  Increase  of 

........ - — 

of  the  integral 


^ pdt  - 


- ......  — ■ 

...... ......  •«  *.  -irB 

..... .... ... ....  °> - • •"ip  r 

t t - 15°C  to  9.4  ieconda  *t  t - 50  C,  and  hence 
froa  14.1  second*  at  t 1^  f _ . t 

- i 1/2  t i«es . The  integral  ) pdt  Pm 
th*  rate  of  burning  Increases  l 1/2  tl-es. 

. 4—  ftt»ospherlc  pressure. 

WS.  reduced  in  the  sa.e  proportion,  where  p, 

Th.  effect  of  besting  on  the  burning  rate  of  powder  can  be 

confirmed  by  the  following  tests. 

lf  sev.ral  charge,  of  the  bUr“*d  l“  *UCCeM 

t.  a bomb  without  cooling,  the  latter  been...  '-»•  hot.  The  pow  er 

1 « .....  — « ..  <— > 

ot  th*  integral  heconen  .nailer  with^ewh  .ucce..iwe 
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condition  points  at  an  increasing  rate  of  burning  UjL  for  the  same 
powder  thickneis. 

These  tests  penal t the  conclusion  that  the  reduction  of  the 

integral  1K  with  decrease  of  .1.  for  thick  powders  when  A - 0.10  Is 

the  result  of  heating  of  the  powder  mass  under  me  condition  of 

relatively  slow  burning,  whereby  the  degree  ol  heating  and  hence  the 

increase  in  the  value  of  ut  is  the  greater,  the  smaller  the  value  of 

A,  i.e.,  the  slower  is  the  burning  of  the  powder  at  low  pressures. 

inasmuch  as  the  integral  of  1K  decreases  ..in  the  decrease  of . 

the  above  -ill  be  theoretically  valid  If  the  burning  rate  laws  u - Ap" 

and  u - ap  + b are  adhered  to.  Tests  conducted  by  H.E.  Serebriakov 

(1932)  with  powders  with  hard  solvents  showed  that  at  pressures 

pm>  1000  kg 'cm2  the  linear  1 a-  u - Ap  can  be  applied  to  determine 

the  burning  rate,  and  that  at  pressures  PB  -c  1000  kg  cn.“  the  law 

0 82 

expressed  by  the  formula  u - AlP  will  apply- 

in  analysing  later  tests  conducted  by  Prof.  Yu.  A-  Pobedonos tsev 
in  bombs  with  nozzles  at  very  low  pressures  (5  to  250  atm).  Prof. 

Ya .g . Shapiro  arrived  at  the  relationship  u - 0.37  p° ’ ' which, 
seemingly , is  contradictory  to  the  relationship  u - Ap . 

Actually,  as  was  shown  above,  the  decrease  of  the  integral  ^ pdt 
at  s-all  values  of  A can  be  explained  also  when  applying  the  u - ulP 
law  by  the  increase  of  the  burning  rate  ui  due  to  heating  of  the 
powder.  This  explanation  is  founded  on  the  theory  of  Prof.  Ya.B. 
Zwldovlch  ••ntioned  tarlitr. 

in  any  csss  a -or.  accurate  ev.lu.tlon  of  either  expression  for 
the  burning  rnte  law  rsqulr.n  further  Investigation,  (nee  Section  111) 
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Inasmuch  as  powders  in  gun  barrels  burn  under  high  pressures 
and  under  high  loading  densities^  the  following  burning  rate  law  nay 
be  considered  valid  for  such  powders: 

u - ulP. 

Going  back  to  the  formula  for  expressing  the  rate  of  gas  formation, 
we  can  now  write  it  as  follows: 


djV 

dt 


S 

S, 


(31) 


d* 

dt 


* S 

— ux  p 

el  S1 


XK 


(32) 


S1  S 

where  — and  depend  on  the  geometry  of  the  powder 
Ai  si 

u i*  the  burning  rate  of  powder  when  p - 1 , it  chanrterizes 

the  nature  of  the  powder  and  the  degree  to  which  it  is  heated; 

p la  the  pressure  at  which  the  powder  is  burned;  it  characterizes 
the  influence  of  the  surrounding  aedlua  on  the  powuer  and 
depends  on  A , t , a,  i , 

CHAPTER  VI  - PRESSURE  VARIATION  AS  A FUNCTION  OF  TIME 
We  have  derived  above  the  following  formulas:  a)  a formula  for 
determining  the  rate  of  gas  formation 


d*  S1  8 
— L - — — u 


dt 


IP 


— u^p  - * 

•l  I 


•P 

K 
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(33) 
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#- 

k 


and  b)  the  Keneral  pyrostRtlcs  foi-.ui,  which  takes  the  igniter  into 
account 


* 


i A 

1 _ __ 


1 \ , 

T 1 v 


where  A 


- A "i 


'V 


1 1>  t hi*  relative  f 


(34) 


ree  spare  iu 


the  bomb  in  which  the  powder  is  burned. 

It  is  necessary  to  determine  the  dependence  of  the  pressure  change 
on  time  when  the  powder  is  burned  in  a constant  volume,  i.e.,  to  give 
an  analytical  expression  for  the  relationship  between  p - f(t), 
dp  d t an  d t he  full  time  of  burning  t ^ . 

^ er*n t i a t 1 ng  equation  (34)  with  respect  to  tf  we  get  after 
staple  transformations: 


f A I 


dt 


1 \ 

i 3 - 5 , + 


A2 


dv 

dt 


(I 

y~ 

‘ '4r 


1 •*) 


dv 

dt 


1 - 


J~  the  value  of  A ^ at  the  start  of  burning; 
1 *“  a ^ the  ease  at  the  end  of  burning. 


1 - 


f > Ay  ^ 


T £ . 


It  nay  be  asauaed  with  sufficient  accuracy  for  practical  purposes 
that  vben  ^cp  - l/2 
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- -t)  o - 3 *> 


Then,  making  use  of  the  relation  (33),  -e  get: 

dp tiS ffv  . *A_  “_l  (35) 

dt  1 - i.)  dt  l-i.'.  ej 

in  order  to  simplify  further  derivations,  we  snail  consider  a 
powder  -hose  surface  area  changes  little  -hen  burned,  so  that  it  may 

be  assumed  that  6 - &Cp  “ const. 

To  such  powders  belong  the  tube  and  the  strip,  for  which  the 

blno.lal  relationship  *-«*<!  18  valld’  wner'by  for  ihe  eod 

of  burning  (z  - ^ 

I - * ( 1 ♦ * ) ; 

w _ 1 + 1 ♦ 2 . \ + k . 


Therefore 


<<scp  - (i  + *.)  - 1 . 


and  for  tubular  or  (to  a laseer  degrea)  atrip  po-der 

d£  . fA  Hi  p . P-  ~ PB  p. 
dt  ” l - ad  e,  fg 


ElCTi 
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Th.  ..goltud.  T - PD)  U„ 

„ rncd  st  constant  pr.s-ur.  P.  - PB  throughout. 
of  th.  ponder  i<  - burned  lo.41„  d.n.ity  is  proportions! 

Th.  fu!!  t!.e  o,  burning  . « portions!  to  the 

to  r snd  log  P„/pb.  i"  °ther  -°rd'’ 


constitutes  the  burning  tine 
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thickness  of  the  powder  and  inversely  proportional  to  the  energy  of  the 
powder  f and  rate  of  burning  ulP  and  decreases  with  the  increase  of 
A and  p.  (since  the  value  of  p„  in  the  denominator  of  r is  more 
effective  than  in  the  numerator  under  the  logarithm);  it  also  decreases 

with  the  increase  of  the  igniter  pressure  PB . 

ror  tubular  powder  the  relation  p - f<t)  serves  as  a charac ter is t it 

curve,  whose  slope  angle  (dp'dt  - t an ) must  continuously  increase 
ln  proportion  to  the  gas  pressure  during  the  entire  combustion  process, 
the  rate  of  increase  being  the  higher,  the  greater  are  the  values  of 
ft  Ul  and  the  smaller  the  powder  thickness  e^  At  the  end  of 

burning  the  slope  angle  must  be  maximum  (see  fi K*  • d‘J-42)  . 

We  shall  derive  the  relation  for  the  powder  gas  pressure  Impulse 

on  the  basis  of  formula  (41) 


Pdt  - Pr 


dt  - Pj. 


- Prt 


(e  - 1)  - t (P  * PB>  " u . 


ei  P - Pb 


Pb 


(43) 


For  the 


end  of  burning  P - Pm  *nd 


pdt  - — - • 


(44) 


The  derived 


formulas  confirm  th.  g.nwrsl  of  powd.r  burning 
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and  show  that  the  pressure,  the  time  for  complete  combustion  and  the 
rate  of  pressure  Increase  depend  on  the  ballistic  characteristics  and 
density  of  loading*  Thus,  it  is  precisely  the  ballistic  characteristic! 
f,  a,  U|,  the  shape  and  dimensions  ui  the  ponder  ( « , «i>  anci 
loading  density  ^ that  can  be  used  to  control  the  magnitude  and  rate 
of  p res  s Vi  re  increase  of  the  gases  evolved  during  the  burning  of 
powder  in  a constant  volume  and  to  regulate  the  phenomenon  of  powder 
burning  and  gas  formation. 

Example.  Determine  the  maximum,  pressure  and  lime  of  burning  of 
tubular  powder  (2e^  - 1.00  mm)  when  A - 0.25; 

f - 900,000  kg-dm'kg;  i - 1.00  dm3 /kg ; 
uL  - 0.0000075  da -'sec  : kg/dm2,  igniter  pressure  pB  - 50  kg/cm2; 


P«  “ PB 


+ * £j  . 5000  + 900000  • _ 30  5,000  kg /dm2  - 3050  kg/ci 


l - lA 





1 - 1 .0  • 0 .25 


0.005 


uL  0.0000075 


- 667  kg/dm2  * sec. 


X - 


667 


- 0.002223  sec ; 


Pa  “ PB  300000 


3050 

tw  - 2.303  r log  — - 2.303  • 0.002223  log  — — - 2.303  • 0.002223 


Pi 

Pb 


50 

1.7853  - 0.00913  sec. 
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lK  : lK 


: °1  : el 


When  burning  powder  in  small  bo,"bs  of  llBlte-d  (ratio 

o.  — - »•  ~ 2-3K 

of  pressure  increase  are  gradual  in  character. 

lf>  however , the  powder  is  burned  in  a long  bomb  O-  long  by 

22ntm  In  din.)  with  the  powder  concentrated  at  one  of  its  ends,  the 

pressure  increase  recorded  by  a meter  tales  the  shape  of  a wave.  «n 

the  case  of  thin  powders  this  condition  obtains  at  -.lively  low 

loading  densities,  of  the  order  of  0 . Ob-0 .07b , and  in  the  case  o 

thich  powders,  -hen  A 1.  of  the  order  of  0.20-0.23.  *•  the  loading 

density  is  Increased,  the  growth  of  the  pressure  recorder  by  the 

i thus  at  r - 0.20,  for  powders  ~0.3  mm  thick, 

crusher  Increases  also:  thus, 

the  maximum  pressure  varied  f ro.  2200-2300  to  7S00  M/«  ; - 

case  of  thick  powder,  at  ths  same  value  of  A the  pressure  -as  found 

to  be  -4000  kg/cm2. 


vis  4*  - p,  t Curvos  at  Various  Values  of 
Fl*’  «4  . Constant  Value  of  * . 

cornea  are  placed  at  the  ends  of  a long  bomb  and 
If  th«  cruibtr  coat* 
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k 

the  powder  ia  ignited  f roe  the  side  at  one  of  the  ends,  the  curves 
of  the  pressure  growth  at  both  ends  will  appear  wave-like  in  fore 
if  the  charge  is  not  distributed  uniformly,  whereby  the  naxiauo  of 
one  curve  will  correspond  to  the  minimum  of  the  other  at  the  same 
instant  of  time.  These  tests  show  that  a wave-like  process  of  pressure 
distribution  occurs  in  a bomb,  where  the  pressure  waves  are  reflected 
from  one  end  of  the  closed  pipe  to  the  other. 

All  of  the  tests  described  above  were  conducted  by  Vieille  in 
a special  long  bomb,  using  cylindrical  crushers  for  recording  the 
pressure  growth  at  both  ends.  We  had  verified  Viellle's  deduction^ 
on  a similar  test  set-up  using  conical  crushers. 

When  the  charge  concentrated  at  one  end  of  the  bomb  is  ignited, 
a localized  pressure  increase  occurs  due  to  gases  becoming  separated 
or  detached  from  the  burning  surface.  This  pressure  increase  is 
the  greater,  the  larger  the  surface  area  of  the  charge,  i.e.,  the 
thinner  the  powder.  Due  to  the  action  of  the  localized  pressure,  the 
gases  begin  to  move  to  the  opposite  end  of  the  bomb  in  the  form  of 
a stream  whose  rate  of  flow  increases  rapidly,  thus  tending  to  for* 
a vacuum  at  the  point  of  the  start  of  burning.  Upon  reaching  the 
opposite  end,  the  gas  stream  will  stop  abruptly  at  its  forward  end 
and  its  kinetic  energy  will  be  expended  in  compressing  this  part  of 
the  bomb  until  the  pressure  developed  in  it  exceeds  the  pressure  at 
the  place  occupied  by  the  charge.  The  movement  of  the  stream  will 
then  be  reversed  and  the  burning  of  the  charge  will  proceed  more 
Intensely  under  the  pressure  of  the  gas  stream,  creating  once  again 
a localised  pressure  increase.  This  phenomenon  will  then  be  repeated* 
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f the  Charge  the  phenomenon  takes  on  the 
At  the  end  of  -rntng  ^ „ollon  tnstde  the  homh . 

character  of  a da*pe  th<#  bore  of  a gun  barrel.  -here 

Slnll  ar  condtttons  - - ^ ^ lhe  chamber  » not  complete!* 

^ l0adUi:  rVeL.en.fea  to  unffor.lv  — ^ 
filled  a*th  powder, 
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, C T I O > 111  - B » Vs'.V  It  t "k  5 V.'v's'*  ° » L 

p0»DBRs0,<_rft*CO*BUSTlOH 

L A vslS  OF  POWDERS 

BOMB  TESTS  ■ 

I-  AN  ATTEMPT  TO  CORRELATE  T«  ‘ ^ 

— — ' ^ derlVH:  1B  ^portion  with  P.  »-  — 
powders  shows  that  dp/dt  inc  ^ burning,  the  slope 

..  p — *•  ..  •>- 
angle  of  the  dp 'dt  curve  -«-t  ^ obwlBCd  la  burning  powders 

Nev*rthelesa.  1D  *“«l.ul  slope  angle  is  obtained  not  at  the 
ln  . aano.etric  bo.b . ‘ ^ curve  ^ r,ther>  at  so.e  P,  ^ P-* 

.axl.u.  pressure  st  the  en  ^ preBBUre  Pl.  following  which 

The  point  of  inflexion  i corre.  ^ convex,  ,nd  often  approaches 

the  P.  t curve  heco.es  .„lp  ,nd  tubular  powders), 

the  end  of  burning  -ben  ^ ^ burnlDg  was  questioned  for 

The  validity  of  the  geo.e  ^ invcBtigate  real 

the  first  tl-e  by  Ch.rboaier,  -ho  at  „clurtn8  processes. 

po—  and  an  — p7;;;;erfect  CJn^,  ,,Mr 

Using  for  hi.  observation.  obtained  in  » .aao.etnc 

and  shsly*io*  the  shspe  tb*  pr*““  function'  to  account 

boab.  Cbarboaler  iatroduced  a sp.clal  ^ to  repr.aeat 

for  the  actual  buraiag  of  the  P Burface  area  S/Sl  *llb  > 

a.  analytical  expressioa  UnMi-g 

the  buraed  portloa  of  the  cb,r* ’ * ^ det.ralaed  not  by  the  shape  of 

Th.  expoaeat  of  thi. 

1 


!M 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


f)P  il  k 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


A.  Derivation  of  a General  Formula  for  the  Shape  Function 
Let  us  find  the  relation  between  the  value  of  the  surface  area 
ratio  S/S1  at  a given  instant  and  the  burned  portion  of  the  charge  y 
for  powders  of  the  simplest  shapes:  for  a sphere  burning  in  parallel 

layers  towards  the  center,  for  a solid  cylinder,  and  for  an  infinitely 
wide  strip  . 


(fi«.  43) 


a)  Sphere.  The  initial  volume  of  the  sphere  isAi  - 4/  3HRJ 

A . - - 4-TtX  R3  - r3 ). 

1 OCr  3 


The  volume  of  the  burned  portion  / 


The  burned  portion  of  the  grain 


_ Aocr  r 3 

V — A /\  - i 1 - <-)  . 


(45) (•) 


The  initial  surface  area  Sj 
instant  is  S - 4*rr^. 

Therefore , 


4nR^ 


The  area  at  the  given 


(46) 


Eliminating  - from  (45)  and  (46),  we  get: 

a 

2 


(47) 


(•)  Subscript  cr  - abbreviation  of  the  word  burned,  subscript  ocr 
abbreviation  of  tbs  word  remainder  - translator. 
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Thus  in  the  case  of  typical  regressive  powder  shapes  the  value 

of  the  area  ratio  S/Sx  is  expressed  as  a function  of  the  same  kind 

, 9 

s/s1  - (If)  , 

where  the  exponent  9 - 2/3  for  a sphere,  9 - 1^2  for  a cylinder, 
9-0  for  an  infinite  strip  (powder  with  a constant  burning  area)  . 

Actually  of  course  the  burning  of  powder  deviates  from  this 
ideal  law,  and  Charbonier  had  determined  the  9 exponent  from  an 
actual  bomb  test,  by  setting  on  the  p,  t curve  the  maximum  pressure 
and  pressure  p^^  at  the  point  of  inflexion; 


Pm  - Pi 


Xhe  more  uniform  will  be  the  burning  of  the  powder,  the  highei 
will  be  the  point  of  inflexion,  the  smaller  the  numerator,  and  the 
closer  will  the  denominator  and  9 exponent  approach  zero,  and  the 
more  will  the  burning  approach  the  condition  of  burning  with  a 
constant  surface: 


For  a sphere  p±  - 3/5  pm ; 

For  a slab  pt  - 2/3  pm ; for  9-0  Pt  - PB* 

for  French  cannon  strip-type  powders  ”B”  it  was  determined  by 
actual  tests  that  9 - 0.2  and  for  rifle  plate-type  powder  BF  - 9 - 0.5. 
This  shows  that  in  actual  practice  plate  powders  burn  similarly  to  a 
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theoretical  solid  cylinder  of  the  -ore  regressive  type.  The  curve 
d-  (1-V)»  when  9 - 0.2  and  0.5  is  shown  in  fig.  45  (curves  1 and  2). 

The  <»  . V curves  for  the  same  powder  shapes  burned  according  to 
the  geometric  la.  are  shown  in  fig.  45  in  the  form  of  a dotted  line 
(1-  - strip.  2’  - plate).  Curves  1 and  2 are  arranged  below  curves  1 ' 

and  2*,  respectively. 


Tig.  44  - p,  t Curve  With  a rig-  45  - Shape  Function  1-  f(V>- 

Point  of  Inflexion. 

According  to  Charbonier:  1)  surface  y in  all  powders  tends 

toward  zero  at  the  end  of  burning  (because  when  * - 1 . 6-0),  whereby 

this  sharp  surface  reduction  starts  the  sooner,  the  more  regressive 
is  the  powder;  2)  the  actual  burning  of  the  powder  is  -ore  regressive 
than  it  should  be  according  to  the  geometric  law;  3)  the  possible 
reason  thereof  1.  the  heterogeneity  of  the  -ass  and  the  nonsi.ult.neous 

ignition  of  all  the  elements  of  the  charge. 

At  the  sa-e  tl»e  his  Investigations  -ade  it  possible  to  establish 
a connection  between  the  theoretical  formula  and  the  experimental  data, 
using  for  this  purposs  the  p,  t curve  for  pressure  increase,  obtained 
by  burning  powdtr  in  * mano**tric  bomb. 
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Thu.  Charbonier  had  introduced  au  .valuation  of  the  progressive 
of  burning  on  the  ba.i.  of  bob  teat,  rather  than  on  the  ba.i.  of 
the  powder  shape,  and  had  concluded  correctly  that  the  progressive 
of  the  shape  doe-  not  fully  determine  the  progress! vi ty  of  burning  - a 
process  depending  not  only  on  the  geometry  of  the  grain,  but  also 
on  the  physical  and  chemical  properties  and  conditions  of  loading 

and  ignition. 

At  the  sane  tl.e  the  "shape  function"  which  is  a step  forward 
as  regards  the  evaluation  of  the  nature  of  burning,  still  does  not 
sufficiently  reflect  the  latter.  Inasmuch  as  of  the  entire  pressure 
test  curve  p,  t only  two  points  -ere  utilised  for  the  determination 
of  9:  point  p.  at  the  end  of  burning  and  point  which  is  also 
close  to  the  eld  of  burning.  The  basic  part  of  the  curve  was  not 
utilised;  this  is  partly  explained  by  the  fact  that  the  curve  was 
recorded  by  -.an-  of  cylindrical  crushers,  and  hence  its  for-  at 

the  start  of  burning  was  unknown. 

nevertheless , -axl-u.  pressure  1.  usually  obtained  in  a gun  after 
about  half  of  the  charge  is  burned,  and  hence  the  nature  of  burning 
fro.  the  start  to  the  instant  when  the  first  half  of  the  charge  1. 
burned  -u.t  influence  both  the  position  of  the  -«l-u-  pressure  in 
a gun  a.  well  a.  It.  -agnitude.  Actually,  of  course,  the  position 
of  the  inflexion  point  on  the  pressure  curve  in  a bo.b  -ay  not  be 
closely  associated  with  the  first  half  of  the  burning  process. 

Therefore,  the  defect  of  the  Charbonier  -ethod  lies  in  the 
fact  that  the  pressure  curtt  remains  unused  on  the  whole. 
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In  1923-1924  M.E.  Serebriakov  obtained  by  Means  of  a conical 
crusher  full  curves  of  the  pressure  increase  of  powder  gases  obtained 
by  burning  powder  in  a manometric  bomb,  and  developed  a new  method 
for  the  analysis  of  powder  burning  utilising  the  entire  pressure  curve 
for  the  purpose. 

This  analysis  is  conducted  on  the  basis  of  the  test  characteristic 
of  the  burning  progress  lv  l ty  of  powder  [_  4_7  . This  characteristic 
is  obtained  by  sectional  analysis  of  the  entire  pressure  curve  from 
the  start  to  the  end  of  burning;  it  shows  the  change  in  the  intensity 
of  gas  formation  during  the  entire  burning  process. 

Using  this  method,  a series  of  new  hitherto  unknown  peculiarities 
were  disclosed  of  the  actual  process  of  powder  burning  and  its 
deviation  from  the  geometric  law;  also  proven  by  means  of  direct 
t+mtm  were  some  of  the  formulations  originnlly  assumed  by  Charbonier. 

The  principles  of  this  method  follow* 

2.  TEST  CHARACTER I STIC  'T"'  OF  THE  PROGRESSIVE  BURNING  OF  POWDER 

The  Use  of  Function  r for  the  Analysis  of 
the  Burning  of  Powder. 

In  choosing  a test  characteristic  for  the  progressive  burning 
of  powder,  the  expression  used  must  be  such  as  would  be  determinable 
on  the  basis  of  geosetrlc  data  for  the  ideal  case,  assuming  that 
the  powder  mass  is  fully  homogeneous. 

At  the  same  time  the  numerical  value  of  this  chsrscterist ic  must 
be  found  exclusively  from  such  bomb  test  data  whose  values  st  any 
given  instant  are  considered  reliable  within  pre-established  limits. 
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then  powder  i.  burned  in  . bo.b.  we  get  a pressure  curve  as  a 
function  of  tise.  and  it  -ay  be  ...u.ed  that  the  pressure  at  every 
given  instant  is  known  to  be  correct  within  the  Ii.it.  of  accuracy 
of  the  recording  device  iteelf  . 

If  it  is  a-.u-ed  that  the  povder  energy  f and  its  density  t are 
constant  throughout  the  entire  -ass  and  that  no  cooling  occurs  through 
the  walls  of  the  bo.b,  l.e.,  if  « «>»ke  ">«  assumption 

peculiar  to  ballistics,  then,  on  the  basis  of  the  general  pyrostatics 
formula , the  pressure  p at  a given  loading  density  is  fully  determined 
by  the  a— oun t of  the  burned  portion  of  charge  V regardless  of  the 

powder  shape  and  Its  rate  of  burning. 

indeed,  the  dependence  of  p on  V is  expressed  by  the  for-ula 

f fly 

p - pB ; r ’ 

1 - f -Ay(a  * 

into  which  tise  doe.  not  enter,  snd  the  pressure  is  determined  by 
the  burned  portion  of  charge  V -ben  the  other  factor,  res.ln  constat. 

If,  however,  in  sdditlon  to  pre.eure  it.  increase  with  relation 
to  time  -u.t  b.  known  also,  the  magnitude  of  dp/dt  will  be  determined 
by  tb.  velocity  of  ...  formation  d</dt  and  by  it.  variation  with 

tiM« 

Tbo  value,  of  this  magnitude  .re  determined  directly  fro-  temt, 
b^nuee  in  measuring  tb.  curve  the  v.lu.n  of  p nr.  known  at  dwflnit. 
time  intervale  t,  a.  nr.  the  value,  of  Y corresponding  to  tb... 


IsiCTi 
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values  of  p.  If  the  Intervals  taken  are  sufficiently  small,  the 
values  of  the  increment  Ay  can  be  found  a a the  difference  between 
two  neighboring  intervals,  following  which  can  be  found  as  well 

(limit  - dy/dt). 

The  value  of  d^/dt  which,  in  the  case  of  the  geometric  law  of 

d y S|  s 

burning,  is  expressed  by  the  formula  — - — uip,  depends  on 

d t A ^ S i 

pressure.  In  order  to  compare  various  burning  periods  with  respect 

to  the  rate  of  gas  formation  (increasing  and  decreasing  rates)  at 

constant  pressure,  as  is  usually  done  in  the  case  of  the  geometric 

law,  the  obtained  values  dl^/dt  must  be  reduced  to  constant  pressure, 

i.e.,  s comparison  must  be  made  of  the  values  dy/dt  : p - — — . 

p d t 

If  the  value  of  1 ^ increases  as  burning  progresses,  the 
p dt 

powder  will  burn  progressively,  if  it  decreases  - the  burning  is 
regressive . 

Henceforth  we  shall  designate  this  magnitude  by  p (gamma) : 


It  represents  the  specific  rate  of  gaa  formation  reduced  to 
p • 1,  which  we  shall  hereafter  call  the  intensity  of  gas  formation. 

Its  variation  during  the  burning  process  is  characterised  by  the 
powder  from  the  point  of  view  of  progressive  burning,  rather  than 
by  the  shape  of  the  grain  alone.  The  dimensional lty  of  P , which  is 


equal  to 


kg 


, is  the  inverse  of  the  dimensionality  of 


>rsssurs  impulse . 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


* 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


In  the  ideal  case  at  constant  pressure  the  value  of  r varies  in 


proportion  to  the  powder  surface,  as  it  does  in  the  case  of  the 
geoaetric  la*  of  burning,  and  this  value  is  therefore  a characteristic 
of  progressivi ty . 

Actually,  if  ignition  were  to  occur  instantaneously  along  the 
entire  area  of  the  charge  and  the  pressure  during  the  entire  process 
•ere  to  resain  constant  and  equal  to  pQ,  then  a chemically  homogeneous 
powder  composition  would  burn  according  to  the  geometric  law  in 
parallel  layers.  In  such  a case  the  intensity  of  gas  formation  would 
vary  in  proportion  to  the  change  in  irea. 

Indeed, 


— - — — f-  uIp0‘ 


The  magnitude  of  r will  be  represented  in  the  following  form: 

— — u 

P0  dt  " A1  S1  Ul 

When  the  compomition  of  the  powder  is  homogeneous,  is 

constant  and  S1/Ai  is  * constant;  hence  the  variation  of  P will  be 
proportional  to  the  S/Sx  ratio,  l.e.,  the  characteristic  of  the 
progrssslvlty  of  burning  will  coincide  with  the  powder  grain 
characteristic . 

Thus,  as  the  test  characteristic  of  the  progressivlty  of  burning, 

we  can  take  the  value  r - i - the  intensity  of  gas  formation. 

p dt 
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The  value  of  T is  found  by  the  sectional  analysis  of  the  pressure 
test  curve  in  a constant  voluae. 

The  function  P enables  us  to  evaluate  the  progressi v 1 ty  of  the 
actual  burning  of  powders  of  any  shape  and  size,  of  both  a homogeneous 
and  heterogeneous  mass. 

The  rate  of  gas  formation  in  burning  powder  in  a bomb  can  be 
evaluated  by  its  actual  law  of  burning  even  if  the  shape  and 
dimensions  of  the  powder  are  not  known.  The  nature  of  the  burned 
powder  is  determined  by  the  values 

y an  d - . 

P 

The  law  of  burning  expressed  by  the  function  P-  - ~ and 

p d t 

obtained  by  analyzing  the  pressure  test  curve  p,  t,  wherein  are 
reflected  ths  peculiarities  of  the  properties  of  actual  powder  and 
the  deviations  of  its  burning  from  that  of  an  ideal  powder,  is  called 
the  experimental  or  physical  law  of  burning. 

Along  with  ths  P,  y and  P,  t curves,  the  curve  showing  the 
pressure  impulse  variation  | pdt  as  a function  of  ^ also  serves  as 

a characteristic  of  actual  powder  burning. 

These  integral  curves  and  their  values  will  be  discussed  in 
detail  later  in  the  text. 

The  procedure  for  analyzing  the  p,  t curve  for  determining  Spdt, 
find  T # vf/  is  illustratsd  in  Table  13. 

When  computings  , the  mean  value  must  be  taken  between  tbe  initial 

A0  - 3L  and  A at  ths  sod  of  burning: 

w0 
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W 4 a(. 
0 


where  t - compression  produced  by  the  crusher; 
s - cross  section  of  the  piston. 

The  co vo 1 uie  effect  of  the  igniter  aB  can  be  disregarded: 


♦ « * 


The  P,  vy  and  P,  t diagrams  offer  a visual  interpretation  of  the 
change  in  the  intensity  of  gas  formation  and  enable  one  to  analyze  the 
processes  occurring  during  ignition  of  the  charge  and  during  actual 


burning  of  the  powder  with  all  its  peculiarities. 

The  diagrams  in  fig.  46,  47,  48  and  49  contain  experimental  p. 


t curves  as  a 


function  of  time  for  tubular  powders  (fig.  46),  strip 


powders  (fig.  47),  powders  with  7 perforations  (fig.  48)  and 
Kisnemsky's  powder  with  36  perforations  (lig.  49),  and  also  curves 
showing  the  variation  of  r as  a function  of  t,  where  the  corresponding 


f and  p points  lie  on  the  same  vertical. 

Si  g 

For  a constant  value  of  u^,  the  change  of  T-  — — must 


proceed  in  proportion  to  the  change  of  the  geometric  surface  ratio 

5/S1#  i .e . , in  the  case  of  strip  and  tubular  powders  — must  be 

S1 

maximum  at  the  start  and  undergo  a very  small  decrease  during  burning; 
at  the  end,  in  the  case  of  the  geometric  law  of  burning,  S^/Sj  0.90. 


HOj 
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Nevertheless,  the  T , t curves  in  fig.  -46  and  47  are  very  peculiar 
in  character:  they  start  at  soaie  small  value  (pressure)  and  then 

proceed  to  ascend;  after  reaching  the  maximum  at  t 0.0045  (which 
corresponds  to  a pressure  of  150-170  kg  'em2)  the  curve  begins  to 
descend,  and  after  t - 0.0115  for  strip  powder  and  0.0135  for  tubular 
powder  the  r curve  drops  abruptly  to  zero.  On  the  p,  t curves  this 
condition  corresponds  to  the  inflexion  point  p . 
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» ai  I i * rpcp 


Table  13 


At  » Spdt  - 


7 

~p~~-  PB 
pm  " PB 

0 


y (•••> 


r - ai 

i"  - r + ai” 

I"*  - i”  ♦ ^i"* 


9 

10 

11 

i 

t> 

-< 

? 

41 

— ^cp 
pc  p A'- 

Ay’  | r • 

A*’ 

Vc  p 

i 

| 

AI  ’ 

♦W”  r” 

^cp 

M 

Ay'  * ' r ’ 

Ay" 

t <"P 

i 

Ai’  ” 

- 2 <A1>  1 J L 

0 J J 

th#  dlacraa,  th.  ,»lu..  of  5P<“  *5?“t£®l^tiu.6of  V,  it  charact.rl*..  the 
hTtfrol.t.  to  tho  •«  pr?““r*;p rtI»nt*^«  thi  r.ri«tion  of  «f  between  ^ 
iM&tlo.  - th.  cur,,  ••etioo  * .octio.  of  the  A variations 

|#  « . fooctlon  of  th.  •.«  1>  chars* t.rlsln*  * i . «A  

L w t^lN.  tM  «trat  .—>•*  i.  th.  par—t.r  » - * 
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r « ' t CnaracLoribtu  lor 

T 4H  _ T,  t CharactcribtH'  * sn«*n.sk  y ' s ' Gr  a i n pcr  ° 

7 perfor.no.!*.  K.».-  rations. 


, /.~2.  2!  irrain  — 1th  1 

n p *g/c»  • * (se<.)  . 

perforations,  1 1 


, r / 2 *2>  Kisnen  sky  s grain 

1)  p Kk  <-Ui  > . • •}  a * ^ s ec  ) • 

*itn  db  perforations, 


^ 900  kg  l-0  the 

„f  burning  Iron,  p ^ 2UU  *K 

Thus  during  the  process  decreasing  surface  area, 

v _ , , w * t h a seemingly 

— ~ - - - 

decomposition  occurs.  ^ , n.orc  detailed  comp.—  of  the 

P*  Y curves . » ^ f curves  are  plotted  as  a 

test  dat»  with  theoretic.  . 0 ^ , because  if  plotted 

f unc  t ion  of  the  burned  PO“““  °’ ‘ conttnuousl>  Increases  and 

as  . function  of  time,  -hen  ye  becorees  distorted 

, __  , K accelerated,  the 

the  process  of  burning  lho  inltial  sections 

*■ **• - — •* — 

(Of  the  curve)  .t  lo-  pressures 

~ ‘ *l  thC  e"d  0,#7r”lpr.tt-  IlTflltion  of  , »re  presented 

The  obtained  ^ .*0  shoe  theoretic.! 

in  the  diagr.m  of  fig  geometric 

£l  u A .hen  S/S,  varies  .ccording 

curve*  of  r*p  " 1 § 

A1  1 

lew  of  burning  « V88 
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The  average  value  of  uA  for  pyroxylin  powders  is  taken  to  be 
0.075  aa/sec . 

An  analysis  of  experimental  r,  y curves  for  powders  of  staple 
shapes  (fig.  50  and  51)  will  show  that  such  curves  consist  of  four 
distinct  t»ec  tious  . 


•v 


Y 1%  . 50  - r , V Characteristic  Curve  for 

Tubular  Powde  r . 

Section  1 of  the  curve  starts  uot  at  the  maximum,  -.s  it  should 
be  in  the  case  of  instantaneous  ignition,  but,  rather,  increases  from 
a small  value  to  the  maximum,  me  ~ maximum  is  obtained  at  y-  0.05 
- 0.08  and  considerably  exceeds  the  theoretical  xaTisum. 


Fig.  51  - r,  y Characteristic  Curve  for 
Strip  Powder. 

Section  II  - r drops  fro»  maximum  to  a point  from  which  the  curve 
follow,  a theoretical  path  - a section  depicting  accelerated  burning, 
this  section  la  confined  between  the  Units  of  y - 0.05  - 0.08  and 
y*#0a30» 
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Section  III  depicts  normal  burning  which  coincides  with 
geometric  law;  * varies  from  0.30  to  0.8u  - 0.90. 

Section  IV  from  Y*  0.80-0.90  to  the  end  of  burning, 
experimental  curve  deviates  from  the  theoretical 
to  zero  a t V - 1 • 

hi  i i-  ^rro»  perforations  (figs.  o2 
The  r vV  curves  for  powders  *ith  -a*  row  > 

,OJ  M>  ..... . ......  .»■»..  - — ■“  '"or*,‘c“- 

U...  ..........  o.  ...  « •” 

, - . y 70-0.75  ana  has  no  sharp  angle 

decomposition  commences  at  * u Qn 

point  . Decomposition  proceeds  .-dually  because  in  practice  the  -eb 
t hlcltnesses  in  a .rain  are  not  unitor...  and  a partial  decomposition 
commences  after  the  smallest  thiclcness  is  burned.  Increasingly  thic  er 
elements  are  gradually  burned  a.ay  and  progressive  burning  occurs 
3 isu 1 1 ancous 1 y - regressive  burning  of  the  products  of  decomposition. 


Fig  • 52  - r , y 


Curve  for  a Grain 


ith  7 Perforations. 


H 
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Fig.  f»J  - ~ , y Characlerlslir  Curve  for  a Kisr.en.sk> 

Grain  nth  36  Perforations. 

As  a result,  the  transition  f ron.  burning  w l t h an  increasing  surface 
to  the  afterburning  of  the  products  of  decomposition  is  gradual 
rather  than  abrupt  in  character. 

CHAPTER  2 - BALLISTIC  ANALYSIS  OF  THE  ACTUAL  BURNING  OF  POWDER 
1.  TESTS  FOR  INVESTIGATING  THE  IGNITION  OF  POWDER 
A.  Effect  of  the  Size  and  Nature  of  the  Igniter 
a)  Theoretical  Data. 

We  had  derived  above  (fig.  50)  a formula  for  determining  the 
full  time  of  burning  when  the  powder  is  ignited  instantaneously: 

t - 2.303  r Log  PB  Pb 


and  shown  that  for  a given  loading  density  the  tiae  of  burning  decreases 
with  the  increase  of  the  igniter  pressure. 

Calculations  show  that  for  0.20  at  pm  - pB  - 2000  kg /cs2  and 
at  pB  - 20;  40;  60  and  120  kg/c»2,  tg  varies  within  the  following 
lisits  (Table  14)^. 
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Table  14 


PB 

20 

40 

60 

120 

tK,  sec 

; 

0.0140 

0.0119 

0.0107 

! 0.0067 

1 _ l K ___ 

L .ol 

1 .37 

j 1.23 

L .00 

. 

L 

L_ — 

In  this  case  the  P , t and  T.  V curve,  Itorsmp  , orders)  u.ust 
,tart  a t t he  max  loiun.  .nd  ihcu  descend  .U««.y  as  the  surface  area 

of  powder  fc  decreases. 

Hence.  ,u  the  case  of  x nst  an  t aneous  iKnxtxon  atc^0.20,  if 

.....  w u-  2 the  t ia.e  of  burn  log 
t_  is  taken  as  the  unit  tl.e  at  p - 1 -0  ki.  • . 

. i t , f , he  Igniter  pressure  is  decreased 

tK  20  *lU  be  1“creaaeJ  b>  11 
to  20  k|{/c»2. 

.....  ,»o.  ........  ....  ...  ..........  .»  -""’, 

..  ....  .......  ■*  «......• 

b>  Test  Data. 

, n x 18  x 40  > burned  in 

Strip  powder  "CK"  about  1 mtu  thick  ( 

bomb  at  A - 0.20  usinK  batches  of  igniter  material 
a manometric  bowb  ai 

developing  a pressure  of  PB  - 20  * 40’  *°  and  1 2°  **  C* 

The  igniter  used  was  dr,  powdered  pyroxylin.  Pressure  was 

........  »,  .....  ..  C.U.*  ™ *“* 

below  in  Table  15. 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Table  15 


PB 

20 

40 

60 

120 

tK,  sec 

0.0280 

0.0160 

0 .0133 

0 .0090 

tK 

tK  120 

3.10 

i 

i 

| 

1 . oO 

1 .48 

i 

j 

1 .00  ; 

| 

Teop 

0.0140  i 

0.0119 

1 0.0107 

0 .0087 

Note  : 


lK  ' eop  “ lK  theoretical 


A comparison  o 1 this  data  with  the  figures  in  the  preceding  table 
shows  that  the  difference  in  the  burning  periods  is  considerably  greater 
than  the  theoretical  difference.  Particularly  great  is  the  di- 
vergence between  the  test  time  t^  and  the  theoretical  one  when  the 


igniter  used  was  weak:  pg  - 20  kg  cm  — 


* f 1 K . o :i 


2 

y 


( • ) this  di- 


ll Teop 

vergence  becomes  smaller  as  pR  increases  and  practically  disappears 


at  pB  - 120  kg/cm2  (ratio  t^ 


1 ) . 


or  ' K ^eop 

Analogous  relationships  were  obtained  with  other  samples  (igniter 
materials) . 

Inasmuch  as  the  p,  t curves  showed  no  sharp  changes  along  their 
ascent,  F*,  t and  T,  curves  obtained  from  the  analysis  of  corresponding 
p,  t curves  from  the  start  to  the  end  of  burning  were  utilized  for 
the  analysis  of  the  processes  of  ignition. 


(•)  Subscript  "on"  stands  for  the  word  ’’test/'  subscript  "^eop"  stands 
for  the  word  theoretical  - translator. 
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!o  order  to  determine  experimentally . by  the  .id  of  function  P, 
whether  instantaneous  or  gradual,  it  was 
,resence  of  the  following  conditions: 


tical  r,  t Curves  at  Different  Values 


rig.  65  - Fxperi.ental  Pjt  and  f^t  Curves  at  Different 
Igniter  Prc«»ures. 

a)  raa/aec  ; b)  P kg 'cw2 ; c)  t (see). 

1.  if  the  ignition  is  instantaneous,  the  curve  of  r variation 
for  strip  and  tubular  powder,  burning  -ith  , decreasing  surface  must 
start  at  the  ■axiiua. 

2.  If  the  ignition  is  instantaneous,  the  shape  of  the  r curve 
•ust  not  depend  on  the  mix*  of  the  igniter,  because  after  the  ent 
surf  nee  i.  ignited  it.  change  «u.t  folios  one  and  the  sase  Ins. 
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The  theoret  leal  Tt,  curves  must  have  the  for®  shown  in  fig-  54. 
The  above  diagram  (fig.  55)  Illustrates  the  experimental  p,  t 
curves  obtained  fro®  the  instant  the  powder  became  ignited;  the  r,  t 
curves  corresponding  to  them  are  plotted  to  the  same  scale  of  time  t 


developing  a pressure  of  about  20  kg  cm2,  the  r,  t curve  starts  a very 
short  distance  above  the  origin  and  has  a very  long  and  gradually 
ascending  section  gradually  changing  to  a steep  slope,  following 
which  r aaxi.ua  is  reached  (at  p - about  225  kg  'em2);  this  is  followed 
by  a rather  sharp  descent  and,  finally,  by  a very  sharp  drop  at  the 
end  of  the  process.  The  growth  of  the  ordinates  of  the  curve  at  the 
start  of  burning  corresponds  to  an  increase  of  the  burning  area  of 
the  powder  when  its  ignition  proceeds  gradually  tcurve  1). 

•hen  the  igniter  is  increased  by  weight  (2^  - curve  2)  the 
starting  ordinate  of  r Increases,  i.e.,  a larger  area  becomes  enveloped 
at  the  sim  time,  the  length  of  the  slowly  ascending  section  of  the 
curve  becomes  smaller.  Otherwise  the  r,  t curves  practically  remain 
unchanged;  they  seem  to  tend  to  shift  to  the  left  towards  the  origin 
of  the  coordinates,  whereby  the  maximum  value  of  ~ is  the  same  as 


In  the  first  case,  at  pressure  p - 225-250  kg/cm2.  When  the  igniter 


is  maximum  6«b  <PB  _ 127  kn/cm2  ” curve  ’ the  CurVe  P starls 

alaost  at  the  ■axiiui  point. 

These  results  indicate  that  Ignition  at  pressures  of  20  to  60 
kg/ca2  doss  not  proceed  Instantaneously,  and  is  the  slower,  the 
lover  the  Igniter  pressure  - and  only  at  pB  125  kg/ce2  Is  the 
ignition  alnont  inntantaneoua . 
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Inasmuch  as  In  guns  the  pressure  developed  by  the  igniter  is 
between  10  and  40  kg/cm2,  the  ignition  will  not  be  instantaneous. 
This  is  confirmed  by  the  hangfire  phenomenon. 


Fig.  56  - Experimental  , y Curves  at  Different 
Igniter  Pressures. 

If  we  plot  on  a diagram  the  same  curves  ol  " as  a function  of  y 
to  facilitate  their  comparison  with  curves  of  the  variation  of  S/S^ 
as  a function  of  y , we  shall  obtain  a diagram  as  illustrated  in 
fig.  56. 

Vhen  plotted  as  a function  of  y , the  general  appearance  of  the 
V curves  changes,  they  resemble  more  curves  S/S^y,  but  with  certain 
deviations . As  the  value  of  *>B  Increases,  the  maximum  of  r shifts 
from  y ^ 0.10  towards  the  origin  of  the  coordinates,  and  the  descent 
of  the  curve  becomes  Increasingly  sharper  whereby  its  end  shifts  from 
^ • 0.85  to  t - 1. 

This  indicates  that  during  the  interval  it  takes  for  the  entire 
surf see  of  a strip  powder  charge  to  become  ignited,  about  5-10%  of 
the  entire  chargs  will  be  burned. 
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The  larger  the  Igniter,  the  more  rapidly  will  the  flame  envelope 
the  surface  of  the  powder  and  the  later  will  the  start  of  decomposition 
and  afterburning  of  the  strip  occur. 

In  the  tests  mentioned,  the  point  of  inflexion,  whose  position 
on  the  pressure  curve  serves  to  determine  the  exponent  3 as  a 
’function  of  the  shape,"  varied  as  follows  when  the  igniter  changed 
f roa  t o - vf'  ^ • 0.85  ; O . t>  7 5 , 0.90,  0.92. 

Therefore,  the  smaller  the  igniter,  the  longer  will  it  take  for 
the  entire  surface  of  the  powder  to  become  ignited,  and  the  more 
heterogeneous  will  be  the  strip  in  thickness,  this  results  in  a 
curve  in  which  the  point  of  inflexion  occurs  at  an  earlier  stage. 

If  the  exponent  * as  a ‘function  of  shape’  is  calculated  by 
the  formula 

P»  “ Pi  Pm  1 

3 _ - - - 1 » 1 , 

Pi  Pi  *1 

then,  as  pB  varies  from  20  to  120  kg /cm2 , we  will  obtain,  respectively: 

£ - 0.18;  0.14;  0.11;  0.09. 

The  above  deductions  fully  confirm  in  actual  tests  that  the 
noninstant aneous  Ignition  must  affect  the  subsequent  burning  of  the 
powder  in  a specific  manner,  increasing  the  value  of  3 and  making 
the  burning  process  more  regressive  (transition  from  curve  4 to 
curve  1 in  fig.  56) . A comparison  of  the  r,  y curves  in  fig.  56  with 
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the  "shape  function"  graph  for  strip  powders  at  P - 0.2  (fig.  45), 
shoes  an  almost  full  coincidence  of  both  the  middle  and  terminal 
sections  of  these  curves.  However,  the  initial  portions  of  the 

curves  representing  the  first  third  of  the  process  considerably 

i j . ^ ri  q r p r J 1 n* c s^c  t l ons 

differ  f ron  the  theoretical  for*.  They  inciuue.  O 

nol  present  in  the  A - (1  curve,  2,  'ba  1 loon  1 ng  or  a rather 

sharp  increase  of  the  ordinate  compared  with  the  Charbomer  curve 

within  the  Halts  of  v^O.10  and  * ~0 . 30  . 

-Ballooning,"  l.e..  the  sharp  increase  of  the  ordinate,  represents 

an  abnormal  increase  In  the  rate  of  gas  formation  at  the  start  of 
burning,  which  ascent  gradually  levels  off  and  coincides  nth  the 
theoretical  curve  in  the  second  third  of  the  process,  this  phenomenon 
VftS  not  known  to  exist  earlier. 

Thus,  It  1.  proven  by  tbe  aid  of  T,  t and  f.  * curves,  that  tbe 
ascending  first  section  of  the  curve  from  f to  at  the  start  of 

burning  represents  a process  o,  gradual  ignition  and  the  increase  of 
the  burning  area  of  the  powder  due  to  non  ins t an t aneous  ignition. 

Ignl t ion  may  be  considered  practically  instantaneous  only  at 
pB  - 120-150  kg/cm2. 

„ .......  .f  p.ro.,1 in*  ...  ..........  »1.«  <•'  ,b* 

...  ........  i"  •“.»  ■ *•  “ Pr°d“"  

........  ...  th*  '“* 

.....  .......  ..  ....  ...  -....  »n  ...  -cl  1"  «**“« 

......  ...  <i~  ...  .-I.  «««•  »<  “““  “ 

burn  (sic) • 
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This  is  in  full  accord  with  the  nature  of  the  igniters.  Whereas 
the  products  of  decomposition  of  pyroxylin  constitute  a high  temperature 
gas  mixture,  in  the  case  of  black  powder  these  products  also  contain 
Incandescent  hard  particles.  The  impacts  of  many  such  incandescent 
hard  particles  help  to  ignite  the  surface  of  the  powder  more  rapidly 
than  do  the  impacts  of  gas  molecules. 

2.  THE  NATURE  O Y ’BALLOONING." 

"Ballooning"  is  a term  designating  a condition  where  the  test 
curve  of  progressiv it)  r exceeds  t tu*  theoretical  curve  (Section  1 1 > . 

This  phenomenon  is  observed  in  powders  with  a volatile  solvent,  and 
is  peculiar  to  a greater  extent  to  thick  powders  than  to  thin  ones, 
and  to  nitroglycerine  powders  than  to  pyroxylin  ones.  Powders  with 
a solid  solution  produce  practically  no  ballooning,  - their  burning 
approaches  the  geometric  law  more  closely. 

The  cause  of  ballooning  can  be  discovered  by  choosing  powders 
of  the  same  shape  and  size  but  of  different  properties. 

In  such  a case  the  exposed  grain  area  and  the  change  in  the 
surface  area  will  be  the  same  in  both  powders,  and  the  difference 
in  the  values  of  rQn  and reQp  (i.e.,  rtest  and  rtheor.  ~ respectively) 
can  be  obtained  only  because  of  the  difference  In  the  burning  rate 
ui , because 


The  shape  of  the  r,  y curves  obtained  by  burning  two  samples 
of  tubular  powder  of  the  same  size  is  shown  in  fig.  57;  curve  l 
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corresponds  to  a powder  with  a volatile  solvent,  and  curve  2 to  a 
powder  with  a solid  solvent  (trotyl  + pyroxylin)  . 

The  first  one  produces  considerable  ballooning,  and  in  the 
second  there  is  practically  no  ballooning  at  all.  The  difference 
between  the  ordinates  of  these  two  curves  is  explained  by  the  difference 


in  their  rate  of  burning  because  o l the  heterogeneous  rass  of  the 
first  sample  produced  by  wetting  the  powder  m water  for  the  purpose 
of  removing  the  excess  of  volatiles.  When  wetted,  the  powder  becon.es 
more  porous  on  the  outside  and  this  tends  to  increase  the  rate  of 
burning  of  the  outer  layers,  as  the  burning  layer  is  shifted  inwardly, 
the  rale  of  burning  slows  down.  The  Inner  portion  of  the  powder  layer 
is  usually  not  affected  by  the  wetting  operation  and  therefore  burns 
at  a normal  rite. 

A somewhat  higher  rate  of  burning  uL  of  the  outer  layers  of 
powder  with  a solid  solvent,  homogeneous  throughout  its  mass,  can  be 
partly  explained  by  the  more  penetrating  and  intensive  heating  of  the 
boundary  layers  of  the  powder  at  low  pressures,  while  burning  process 
proceeds  with  a relatively  small  absolute  speed,  and  by  reduced 
heating  - as  the  burning  process  proceeds  with  a higher  absolute 
rate  of  speed  when  the  pressure  Increases  to  above  500  kg/cm2.  The 
layers  of  powder  directly  in  contact  with  the  burning  surface  will, 
in  this  case,  become  less  heated  and  to  a smaller  depth,  as  a result 
of  which  the  value  of  uJ#  and  with  it  the  value  of  r,  will  become 
decreased • 

This  explanation  suggested  hy  the  author  in  1937  lB  now 

substantiated  in  the  theory  of  powder  burning  developed  by  Prof.  Ya.  B 
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Zeldovlch,  although  the  cause  of  ballooning  has  not  been  fully 
established  as  yet. 

In  any  case,  ballooning  is  the  accelerated  burning  of  the  outer 
powder  layers,  occurring  at  relatively  low  pressures  and,  mainly, 
in  the  case  of  powders  with  volatile  solvents. 

The  thicker  the  powder  and  the  smaller  its  mean  burning  rate, 
the  higher  will  be  its  relative  degree  of  ballooning. 

Ballooning  becomes  nil  when  the  pressure  is  increased  because 

of  accelerated  burning. 

An  analysis  of  the  experimental  r,  -f  curves  made  it  possible  to 
establish  the  following  empirical  relationship  between  the  burning 
rate  u^  and  the  depth  of  the  lay^r: 


-a  yfi 


"1 


■here  u^  - the  burning  rate  of  the  outer  layer  (u(  for  all 


pyroxylin  powder®  ia  of  the  sawe 
0.0000125  d»/®ec  : kg/dw^); 


order  - 0.0000120  to 


7.  - relative  thickness  of  the  burned  layer,  equal  to  * for 
tubular  powder  and  approaches  f for  strip  pow  er. 

a - coefficient  characterising  the  drop  in  the  burning  rate 
and  determined  froe  the  r , curve. 
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Q i 


subjected  to  longer  pe 


nods  of  wetting,  the 


much  »s  thick  powders  are 

. i avers  is  even  higher  than 

burning  rate  of  their  outer  layers 

powder  (0.04125  and  0.04120). 


m the  ”C*V’ 


-l: 


_ * , t , Tiirinc  Burning  • 

Fig*  ^8  " Chan*e  of  1 ‘ K 

T.. ..... .......  — • — **•  — p°“7  'Z 

. ........ ....... .. ...  — • -* 

......... ...» ...... .. ...  »»••'  **“  ••  *" 1 

. ....... ... — - ~~r 

....  .......  o.  ...  .....  O.  ■ — • “™‘“  *”*  °“'5’ 

. . rate  Ut  constant, 

considering  the  rate  l 

„ ... ......... .. ... .. 

**•  *■ ,b*  i . . .. ........ « .*»» 

_4*wr  rtf  the  powder  mass, 
the  heterogeneity  of  tne  v 

s r.  .y  curve  without  ballooning,  U « P—  “ 
g_lric  l.w  of  hurnih.  in  -ctu.l  practice  - — 

possible  by  observing  certain  conditions. 
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Fig.  59  - P , Vr<  Curve  without  Ballooning. 

1 ) Tt-bt  curve;  2)  geometric  law. 

A solid  cylindrical  powder  rod  without  a solvent  (the  trass  is 
homogeneous)  7.5  mm  in  diameter  by  42  mn.  long  with  rounded  (spherical) 
ends,  was  fastened  along  the  axis  of  a 21.5  cm3  bomb  by  means  of 
a frame  made  of  thin  copper  wire.  This  arrangement  facilitated  ignition, 
and  all  the  burning  surfaces  were  subjected  to  identical  conditions 
as  regards  the  freedom  of  gas  separation. 

The  weight  of  the  igniter  was  such  as  would  develop  a pressure 
Pq  - 160  kg/cm^,  and  insure  instantaneous  ignition. 

Figure  59  contains  an  experimental  y curve  and  its  corresponding 
curve  of  the  geometric  law  of  burning  at  u^  - 0.069  mm/sec. 

According  to  this  diagram,  no  ballooning  is  observed  on  the 
test  curve;  the  latter  almost  fully  coincides  with  the  theoretical 
curve  upon  reaching  a maximum. 

This  shows  that  a powder  which  is  entirely  homogeneous  in  all 

| its  layers  and  is  subjected  to  identical  conditions  as  regards  the 

I 

£•  freedom  of  gas  separation  from  its  surface  elements,  burns  according 

F, 

to  the  geometric  law. 


A powder  with  a volatile  solvent,  whose  burning  rate  varies  from 
layer  to  layer  deviates  from  the  geometric  law. 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Furthermore,  it  is  impossible  to  distribute  a charge  in  such  a 
manner  where  all  the  surfaces  would  be  placed  under  identical  conditions 
as  regards  freedom  of  gas  separation,  and  to  obtain  a condition  where 
the  deviation  fro*  the  geometric  law  would  always  be  the  greater, 
the  greater  is  the  difference  in  the  conditions  of  burning  at  different 
portions  of  the  charge. 

3.  THE  POINT  OF  INFLEXION  ON  THE  PRESSURE  CURVE. 

When  deriving  the  theoretical  relationship  between  pressure 
increase  and  time,  it  was  shown  that  in  the  case  of  tubular  and  strip 
powders  in  which  the  burning  area  varies  little,  the  rate  of  pressure 
increase  must  grow  continuously  and  have  a maximum  value  at  the  end 
of  burning.  Indeed,  in  the  expression 


f A 


(49) 


n a e , 


the  value  of  S/Sx  ~ const,  and  p grows  continuously. 

At  the  same  time,  the  many  tests  conducted  by  various  investigators 
show  that  when  tubular  and  strip  powders  are  burned  in  a bomb,  an 
inflexion  point  invariably  occurs  on  the  p,  t curves,  following  which 
dp/dt  decreases  and  approaches  zero,  and  the  curve  takes  on  a beak- 
like’* shape. 

Charbonler  had  determined  the  exponent  3 from  test  from  the  posltloo| 
of  the  inflexion  point  in  his  suggested  expression  for  the  ’shape 
functions.” 
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Som  of  the  author*  ware  of  the  opinion  that  the  hook  in  the 
curve  la  the  reault  of  the  crusher's  "Betting-  after  the  end  of  burning 
by  the  inertia  of  the  small  piston,  and  does  not  depend  on  the  law 
of  powder  burning. 

The  analysis  of  formula  (49)  indicates  that  in  order  to  obtain 
the  deflection  point  (dp'dt  - const),  it  Is  necessary  to  maintain  the 
condition  S • P - const,  and  inasmuch  as  the  gas  pressure  in  the  bomb 
undergoes  a continuous  increase,  the  burning  powder  surface  must  decrea. 

at  the  point  of  inflexion  (S  - const/p). 

If,  however,  the  reduction  of  tne  surface  area  proceeds  faster 
than  the  pressure  increase,  then  Sp  and  dp/dt  will  decrease  in  value, 
and  tne  convex  side  of  the  p,  t curve  will  be  directed  upwards. 

Such  curves  are  observed  before  the  end  of  burning  in  the  case 
of  powders  with  7 perforations,  whose  surface  area  rapidly  decreases 
after  decomposition. 

It  can  be  shown  by  test  that  the  position  of  the  point  of  lnflexlo 
when  burning  strip  powders,  depends  on  the  degree  of  homogeneity  of  the 
thickness  of  the  plates  waking  up  the  charge.  By  carefully  selecting 
the  proper  atrip  thickness  and  arranging  them  in  such  a wanner  that 
the  igniter  gases  would  immediately  envelope  their  entire  surface, 
and  using  a strong  igniter  in  order  to  obtain  a simultaneous  and 
instantaneous  ignition,*  p,  t curve  can  be  obtained  with  practically 
no  inflexion  at  all,  or,  at  any  rate,  a curve  without  a "beak." 
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Contrariwise,  if  the  charge  is  intentionally  made  up  of  powder 
strips  of  a given  grade  but  of  varying  thickness,  the  point  of  inflexioi 
can  be  sade  to  appear  considerably  earlier  than  usual  £~ 5_7 

Moreover,  by  making  up  a charge  of  strips  of  different  grades  of 
powder,  we  had  succeeded  in  converting  the  p,  t curve  into  a 
rectilinear  curve  along  most  of  its  length,  i.e.,  create  what  would 
appear  a whole  series  of  inflexion  points. 

The  table  below  contains  some  of  the  data  obtained  by  M.E. 
Serebriakov  in  his  tests,  in  which  he  attempted  to  determine  the 
reasons  for  the  appearance  of  an  inflexion  point  S~  — • 0.20;  powder- 
Japanese  strip,  "Crr  ; igniter  - dry  pyroxylin^. 

In  test  No.  1 the  charge  was  made  up  of  strips,  considerably 
varying  in  thickness;  a weak  igniter  was  used. 

In  test  No.  2 the  charge  was  made  up  of  strips  of  uniform  thicknesi 
using  the  same  igniter. 

In  test  No.  3 the  charge  was  the  same  as  in  test  No.  2;  a strong 
Igniter  was  used. 


The  following  was  determined  In  all  of  these  tests:  and  yi 

at  the  point  of  inflexion,  powder  burning  time  t^  and  exponent  £. 
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2ei,  ■■  PB’  kg/,c* 


Table  16 
- - 78.5  c»3 


r,  1 

"To"  rl/C"lT%.V-.cT 


0.201  2113 

1717 

426  | 

0.8- 

0.201  2150 

1950 

480 

0.9: 

0.211  1 2310 

2190 

340 

0.9 

0.98-1  .00]  L2-5 L-— LJ~“  ^ * ] 

t _ r t and  T,  t shown  In  fig-  *>°  61 

CUrVe8  ffer  * very  dear  graphic  description  of 

•jhe  obtained  result,  offer  a very 


... > ... — 

. I.lrl,  I»«  “*  *“ [ *”■“.  ..c).  ».  — «« 

«“  - - *- r:  ..... .. . ..... — ■»  - — 

after  pt  occurs  _ Q 0013  »ec) • 

tb.  -b.sk”  1-  considerably  ahorter  th#  ualfor.lt,  of 

. wn  3 ignition  occurs  ins 

In  test  No.  3 lg  inflexion  shifts  to  the 

tb.  thicknesses  1-  “"^..s.  i-  *°d  *“*  “ 

“*•“»  *“••*  “ *“  P'  . ...)  • «.  " 
>»♦  1 " < 
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Thus,  the  appearance  of  an  inflexion  point  is  linked  with  the 
sharp  surface  area  decrease  during  burning  of  powder. 

Its  position,  in  the  case  of  atrip  and  tubular  powders,  depends 
on  the  uniformity  of  the  thickness  of  the  strips  or  tubes  at  the 
end  of  burning . 

By  choosing  the  proper  conditions  of  ignition  p^  and  thickness  of 
the  strips,  the  position  of  the  inflexion  point  on  the  pressure  curve 
can  be  varied  widely. 

This  point  always  occurs  in  the  case  of  powders  of  nonuniform 
thickness  or  perforated  powders,  in  which  the  burning  surface  area 
after  decomposition  undergoes  a sharp  decrease  and  tends  towards  zero. 

4.  REASONS  LEADING  TO  A LOWERED  INTENSITY  OF  GAS 
FORMATION  IN  THE  LAST  STAGE  OF  BURNING 

In  the  case  of  regressive  powders,  the  experimental  T , curves 
in  their  mid-section  between  - 0.3  and  ^ - 0.8-0. 9 almost  coincide 
with  the  theoretical  curves;  beyond  vf  — 0.8-0. 9 the  ordinate  of  the 
curve  begins  to  drop  rapidly  ?nd  tends  towards  zero  at  the  end  of 
burning  when  y - 1 . 

The  reason  for  this  drop  lies  in  the  nonuniformity  of  the  plates 
making  up  the  charge.  The  thinner  the  plate,  the  sooner  will  it  burn. 
At  the  end  of  burning  the  surface  area  of  such  a plate  undergoes  a 
specific  amount  of  reduction  and  this  causes  a decrease  of  the 

Si  S 

function  r - — u-«  . The  greater  the  nonuniformity  of  the  charge 

8i 

in  thickness,  the  earlier  will  the  condition  of  lowered  intensity  of 
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gas  formation  occur.  Furthermore,  even  an  Individual  strip  is  usually 
nonuniform  in  thickness  along  its  entire  width,  so  that  after  it  is 
pressed  during  drying  the  contraction  of  the  strip  is  not  uniform 
and  the  latter  acquires  a slightly  lenticular  cross  section:  it  is 

thicker  in  the  middle  than  at  the  ends. 

A similar  and  even  greater  variation  can  occur  in  the  web  thickness 
of  tubular  powder  as  a result  of  a nonconcent r lc  perforation.  The 
resulting  non i ns t an t aneous  ignition  causes  further  impairment  of  the 
initial  plate  dimensions  and  this  advances  the  time  at  which  the 
lowered  intensity  of  gas  formation  at  the  end  of  burning  occurs.  This 
was  shown  in  r,  s'  curves  obtained  In  tests  using  igniters  of  different 
pressures,  and  also  lu  f ifC  - hi. 

The  results  of  calculating  the  change  in  the  value  of  --  Uj . for 

n 1 

a charge  consisting  of  plates  of  strip  powder  "Cn-  varying  in 
thickness  from  0.92  to  1.17  mm  and  tested  in  a manometric  bomb,  are 
presented  below. 

In  order  to  simplify  such  calculations,  the  plates  were  split 
up  into  6 groups  according  to  thickness;  the  relative  nusber  of  plates 
of  the  two  Biddle  groups  taken  was  greater  than  of  the  resaining 

groups , namely , 0.20  Instead  of  0.15%. 

Theoretically,  for  a powder  of  uniform  thickness,  the  ratio 
(exposure)  S/ax  must  vary  during  burning  from  2.07  to  1.76 
and  function  r-  from  0.160  to  0.136. 


at  ui  • 0.0775 


sec 


“ ; *f_ 

sec  cm2 


CMJ 


211 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


immsw* 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


The  following  table  gives  the  variation  of  S/Al  f “S  3 

function  of  V during  the  burning  of  the  individual  plate  gr  P 

Table  17 

~~TT  s 


Group  No. 


Plate  thick- 
ness 2e i In  | 

I"*  r 

Relative  tana- 
ber  of 
plates 
|charge 

fi 
Si 

M 


0-97  ; 1 .02 


6 

t~  - 


T 


Remarks 


1 .07 


1.12 


1.17 


2el  CP  - 1 -05  ■"5 


ri  * 


Sj 

A1 


a 

3.15 

0.15 

0.20  j 

0.20  j 

l 

0.15  j 

j 

0.15 

I 

1 

1 

0.894 

-j  i 

0.931 

0.961 

1 

0 .982  1 

0.994  j 

1 .000  i 

1 

1 

1 . 526 

i 

1 .250 

0.887 

1 

| 0 . 530 

j 0.263 

0 

- - 0 .lto  i 

o cp  ; 

j 

ui 

0.118 

i 

0.097 

1 

0 .069 

0.041 

0 .020 

0 

- 0.136 

1 cp  j 

On  the  dl.gra.  in  f ig  . .2.  curve  1 corresponds  to  the  theoretical 

variation  of  r for  powders  of  average  thtc.ness;  the  descends  portion 
2 of  the  r curve  Is  obtained  on  the  basis  of  the  above  table; 

this  diagrlHl-o  include,  curve  3 of  the  test  curve  P obtained  on 
the  basis  of  a bosh  test.  A co.pari.cn  of  the  theoretical  and  test  P 
curve,  show,  that  tb.ir  behavior  both  at  the  .id-section  and  at  the 
end  of  burning  1.  si-Har.  The  fact  that  curve  3 begin,  to  drop 
absad  of  cure.  2 is  — * the  use  of  a weab  igniter  in  the 

test,  and  b,  tbs  fact  that  the  nonlu.tant.neou.  ignition  Lads  to  an 

increased  thlckno*  variation • 
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Cone lus ions 

The  above  investigation  clarity  the  reasons  for  the  deviation 
of  povder  grains  of  plain  shape  fro™  the  geo^etrtc  lav  of  burning 

(Sections  1,  II.  and  IV  in  fig.  E>0)  . 

The  rapidly  increasing  section  of  the  r,  ♦ curve  at  the  start 

of  burning  constitutes  a process  of  gradual  ignition,  a practically 

instantaneous  ignition  and  the  start  of  the  curve  directly  fro.  the 

. . secured  by  the  ufc»e  of  a high  pressure  igniter 

maxlnun.  point  is  secuuu 

pB  - 120-150  kg/cm2- 

.•Ballooning"  is  the  accelerated  burning  of  powders  at  low  pressures 
snd  in  the  presence  of  layers  of  nonunifor.  thickness,  occurring  as  a 
result  of  technological  processes  (wetting)  and  excessive  heating  of 

the  powder  at  low  rates  of  burning. 

The  point  of  inflexion  on  the  p.  t curve  and  the  corresponding 

rapid  decrease  of  the  intensity  of  gas  formation  shortly  before  the 
end  of  burning  are  due  to  tbe  non.i.u 1 t aneou.  burning  of  the  ele.ent. 
of  the  charge  of  varying  thicknesses.  The  s-aller  the  igniter,  the 
greater  -ill  be  the  variation  in  the  thickness  of  the  powder,  the 
earlier  -ill  the  inflexion  point  occur,  and  the  -ore  rapid  will  be 
th.  drop  in  the  intensity  of  gas  for-ation.  By  choosing  charge 
•Itatoti  Of  the  proper  thicknee*  and  a very  weak  igniter, 
can  b.  obtained  -h.reby  the  burning  of  tbe  powder  at  the  end  would 
procewd  without  a sharp  drop  in  the  intensity  of  gas  forwatlon.  and  a 
p.  t curve  can  bs  obtained  without  a point  of  inflexion. 
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This  method  is  not  very  accurate  however,  because  the  penetrating 
properties  of  fuchsin  and  the  flegmatizer  may  be  different.  The 
ra ic rotcope  enables  one  to  determine  the  depth  of  penetration  of  fuchsin; 
it  does  not,  however,  permit  one  to  determine  the  degree  of 
distribution  of  the  substance  in  the  powder. 

However,  borrb  tests  and  their  analysis  by  means  of  the  7 function 
mak*?  it  quite  easy  to  obtain  an  accurate  evaluation  of  the 
distribution  of  the  flegmatizer  Uiroughout  the  mass  of  the  powder. 

Indeed,  if  we  were  to  test  1 n a bomb  at  a given  loading  density 
ordinary  powder  and  then  a f legmatized  powder,  and  plot  curves  of 
the  change  of  ~ as  a function  oft  * the  difference  between  these 
curves  would  be  an  appreciable  one;  this  can  be  seen  in  fig-  b3 , 
which  shows  the  test  results  obtained  with  powders  with  7 perforations 
before  and  after  f legma t iza t ion  . 

Whereas  the  nonf  legma  t ized  powder  (curve  1)  has  ’’ballooning’ 
present  on  the  r,  t curve  and  then  drops  to  V - 0.50,  fiegmatized 
powder  (curve  2)  produces  no  ballooning,  the  ordinates  of  the  curve 
move  upward,  and  burning  is  progressive  from  the  start  up  to  f >»0.50; 
thereafter  the  r,  y curves  almost  coincide.  Therefore,  the  effect 
of  f legalization  is  felt  until  half  of  the  grain  is  burned,  following 
which  it  is  terminated.  The  above  makes  it  possible  to  calculate 
the  depth  to  which  the  flegmatizer  has  penetrated. 

Inasmuch  as  in  both  cases  the  powder  grains  were  of  the  same 
shape  and  dimensions,  it  say  be  assumed  that  the  change  of  S/ with 
i*^gpsct  y is  the  same  in  both  cases.  Hence  the  ratio  of  the 
ordinates  r^/C\  th*  ratio  &et*e«n  the  elementary  burning  rates 

at  a giwsn  instant • 
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upon  determining  the  value  of  this  ratio  for  successive  values  of  y 
a curve  can  be  constructed  showing  the  relative  variation  of  the 
elementary  burning  rate,  which  depends  on  the  distribution  of  the 
f legaatizer  in  the  powder  mass. 

An  example  of  a curve  of  this  type  is  shown  in  fig.  G4. 


Fig.  63  - r,  + Curves  for  a 
Powder  Before  and  After 
F legma  tlzation . 


Fig.  t>4  - Change  of  Burning  Rate 
in  a Flegreatized  Powder. 


The  distribution  of  the  f legaatizer  in  the  powder  is  not  unifon 
and  becomes  smaller  as  the  depth  of  penetration  is  increased:  this 

is  indicated  by  the  minimum  value  of  the  burning  rate  at  the  start 
and  by  the  fact  that  the  rate  increases  according  to  the  law  up  to 
- 0.50.  Thereafter,  the  relative  burning  rate  becomes  equal  to 
unity,  i.e.,  the  burning  rates  of  the  powders  become  the  same.  This 
indicates  that  the  flegmatizer  did  not  penetrate  beyond  - 0.50  and 
its  corresponding  thickness. 
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Thu.  fleg.atlzatlon  serve,  to  reduce  the  tnteosity  of  — ° 

during  the  first  ha.f  of  the  process.  This  Per.its  -creasing  the 
charge  in  firing  without  exceeding  the  -atl.u.  pressure  and  to  ohta  n 
. hifther  sheii  discharge  velocity  But  inasmuch  as 

usually  lowers  the  powder  energy  to  addition  to  the  horning  rate  «,, 

. ,h.ri,e  ia  utilized  for  the  purpose  of 
a portion  of  the  Increased  charge  la 

maintaining  the  shell  velocity  which  wouid  have  been  obtained  with 
nonf legma t ized  powder. 

1 nasnuch  as  the  burning  rale  of  powders  containing  uniformly 
distributed  entities  of  the  flegxatlzer  can  be  determined  fro.  bomb 
tests , the  variation  of  the  fleg.atlzer  concentration  between  the 
powder  layers  can  he  determined  by  the  change  in  the  burning  rate  o 
powders  -1th  different  percentage  contents  of  the  f legmat lzer  -a 

If  th.  duration  of  the  f legwat iz.t ion  process  is  overly  ong , 
powder  can  he  obtained  in  which  the  distribution  of  the  fiegsatizer 
1.  practically  unlfor.  throughout  its  entire  thickness, 
the  burning  of  the  powder  will  Be  slow  but  not  progressive 

B . Th.  Peculiar  Burning  Characteristics  of  l»ltrL 
glvcerlpg  powder* 

by  ..... 

— >«•  ' ““ 

, r ,fterv  = 0.3,  l.e..  Its  burning  Is 

.hat  increased  value  of  r,  after 

progress! ve • 
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ll  has  been  established  by  aeaos  of  special  tests,  that  a P, 
y curve  constructed  for  freshly  Manufactured  cordite  does  not  differ 
in  anyway  from  an  ordinary  P,  V curve  for  tubular  pyroxylin  powder 
(curve  1-1-1  iu  fig.  o5)  , after  the  excess  of  the  solvent  (acetone) 
is  removed. 

But  if  the  “life”  of  such  a powder  is  shortened  by  placing  it  m 
a thermostat  at  t - 50°C , its  energy  will  oe  lowered  after  a while 
and  the  P,  curve,  following  ballooning  and  a descent,  will  begin 
to  ascend  again  f roai  f » 0 . 3 to  ^ - O.M  (curve  2-2)  . Thereafter,  its 
drop  to  zero  will  proceed  more  sharply,  similarly  to  pyroxylin  powders 
during  the  end  burning  of  the  thicker  el»  tb  . 


Fig.  65  - r,  y Curves  for  M troglycenae  Powder. 

The  fact  that  the  energy  f has  decreased  indicates  that  a portion 
of  the  ui t rog 1 ycer in  had  evaporated  through  the  outer  surface  of  the 
powder.  The  nitroglycerine  remaining  in  the  layers  close  to  the 
surface  had  shifted  onto  the  surface  causing  ballooning  during 
burning.  This  in  turn  had  caused  a redistribution  of  the  nitroglycerin 
in  the  neighboring  layers.  Inasmuch  as  the  rate  of  burning  depends 
on  the  nitroglycerin  content  in  the  given  layer,  the  rate  should 
increase  in  the  presence  of  such  a nonunifona  distribution  as  the 
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burning  process  penetrates  the  grain  in  depth.  And  since  T 

S1  jL  u, , ^increases  because  of  the  increase  of  up  and  the  burning 
\ S1  1 * 

of  the  polder  becomes  progressive.  Therefore  the  burning  characteristic 
of  cordite  can  change  depending  upon  ns  -age'  and  the  conditions  for 
its  storing,  and  this  change  can  be  easily  disclosed  by  using  the 

test  function  " as  the  analyzer. 

CHAPTKK  3 - BUKN  ING  P KOPKHT 1 F.S  OF  blfcljv S * 1 T_H 
N A tt  K0»  PEtiFORAi  IONS 

It  was  shown  above  that  test  curves  V.  . of  the  progress! v 1 ty  of 
burning  of  powders  with  many  narrow  perforates  deviate  from  t ne 
geometric  la»  considerably  mere  than  do  the  curves  of  powders  with 
grains  of  simple  shapes  (strip,  short  tube).  Wiese  deviations  are 
the  greater,  the  longer  the  perforations,  and,  hence,  the  longer  the 
powder  grain  itself. 

The  least  understood  phenomenon  f ror.  the  standpoint  of  the 
geo.etric  law  of  burning  are  the  regressive  portions  of  the  T.V 
curves  in  the  case  of  perforated  powders,  -hose  surface  area, 
theoretically,  -ust  undergo  a continuous  increase  until  the  grain  is 

decomposed . 

If  we  consider  such  a change  of  the  value  of  ~ from  the  stand- 
point of  surface  variation  in  a grain  during  burning,  we  get  the 
i -pre-slon  that  the  grain  beco.es  deco-posed  into  separate  part, 
in  th.  for-  of  rod.  after  it  1.  ignited,  wbo.e  surface  changes 
r.gre— iveiy.  Such  s deco-position  of  a grain  during  the  initial 
-tag,  of  burning  can  occur  for  th*  reason  that  the  gases  iormed  inside 
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1.  THE  EFFECT  OF  PROXIMATE  CONTACT  BETWEEN  BURNING 
SURFACES 

If  two  powder  strips  aro  burned  separately  in  the  open  air,  each 
strip  will  liurn  quietly-  It  . however,  one  strip  is  placed  over  the 
other  while  burning  with  the  burning  ends  touching,  burning  at  the 
points  ot  contact  will  proceed  more  vigorously  and  gases  will  be 
force!  ull\  ejected  f rotr«  the  gap  forced  between  t ne  burning  surfaces. 
This  indicates  that  the  gas  pressure  becomes  increased. 

An  assumption  has  been  nade  to  the  effect  that  if  the  surfaces 
of  two  grains  were  made  to  burn  separate!  v in  one  uorrb  and  in  close 
contact  1 n another,  the  pressure  between  the  contacting  surfaces 
would  be  higher  and  the  burning  of  the  grains  will  proceed  sore 
vigorous  1 y . 

A.  Tes  t s with  n_Kod  and  a Tube. 

This  assumption  was  confirmed  in  an  actual  test. 

Identical  powder  grains  were  burned  simultaneously  in  small  bombs 

3 

(21.5  cm  ) wherein  the  grains  were  arranged  differently. 

The  charge  consisted  of  a tube  and  rod  of  nitroglycerin  powder. 
The  rod  dlaaieter  was  such  that  it  could  be  inserted  into  the  tube 
with  a certain  small  clearance  between  them. 

In  one  test  the  rod  was  placed  in  the  bomb  alongside  the  tube, 
and  the  other  rod  was  inserted  into  the  tube. 

Due  to  its  higher  burning  rate,  nitroglycerin  powder  was  found 
to  give  a sharper  distinction  between  these  parallel  tests. 

The  results  were  as  follows  (fig.  66  - p,  t and  r,  t curves):  in 
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the  first  case  the  p,  t curve  was  smooth,  and  in  the  second  (rod  inside| 
tube)  a sharp  pressure  increase  was  obtained  at  p 100  kg/cm2, 
following  which  the  p,  t curve  became  smooth  again  while  remaining 
above  the  first  one. 

In  the  first  case,  curve  T,  y (fig.  ’7)  shows  a small  amount  of 
ballooning  at  V*  0.03  and  then  slowly  descends  to  y - 0.70,  following 

which  it  drops  rapidl>  because  the  web  thickness  of  t no  tube  is 

practically  fully  burned,  and  tne  final  burning  ol  the  tube  and  the 
burning  of  the  rod  follow. 

At  the  instant  y-  0.90  the  tube  is  fully  burned  (thickness  of 
tube  was  1 .75  ms.  and  diameter  ol  rod  5 m®)  and  the  rod  undergoes  the 
last  stages  of  burning. 

In  the  case  of  the  rod  inserted  into  the  tube,  the  ~ , y curve 
balloons  sharply  at  y - 0.03,  its  apex  corresponding  to  y-  0.04.  The 
maximum  ordinate  at  this  point  is  almost  twice  as  great  as  that  of 
the  corresponding  ordinate  of  ~ of  the  first  test;  this  is  followed 

by  an  almost  vertical  drop  down  to  the  first  curve  ( y - 0.06), 

following  which  the  curves  are  almost  coincident. 

In  order  to  clarify  these  results,  the  test  was  repeated  in  open 
air.  Upon  igniting  the  rod  simultaneously  at  both  ends,  it  was 
ejected  from  the  tube,  apparently  because  of  the  pressure  difference 
between  the  ends  in  the  clearance  present  between  the  rod  and  tube. 


STAT 
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yiK.  u 7 - rhe  Hfeci  of  ^utaclinR 

Burning  Surfaces  on  . f • 


ijftr  Ji 

Fig.  66  - The  Effect  of  Con- 

tacting Burning  Surfaces  on 
t . 

1 - rod  and  tube  side  b> 

side;  2 - rod  inserted  into 

......  . up.».  ««■ 

o.  ».«»  .»■«  "IO” 

.>  »->■«  "”U  *"'‘ 

......  o.  ...  - »“>  «“  “ 

.„«»  ..... ..  .».  .PI"."'  *“•  »■ 

.... ,<,r”d  •“ 

. ..... .......  •“  b""‘“  ”"ld  "■■■ 

.... ......... .......  »»..*“«  •■’"‘d  “"r 

. , . This  is  indicated  by 

conditions  almost  analogous  to  the  fi 

the  almost  parallel  path  of  the  r. * curves. 

The  fact  that  the  burnln*  in  this  c.ae  proceed-  -ore  viBorou.  , 

th.n  in  the  first  test  is  indicated  b,  the  condition  that  the  humio. 

of  the  tube  and  rod  in  the  second  test  ...  concluded  ahead  of  the 

. . r»  • curves  in  the  d i ag r a®  • 
f 1 ret  one.  a.  can  be  eeen  fro.  the  , t curve. 
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Actually,  the  drop  of  r corresponding  to  the  end  of  the  tube's 
burning  occurs  in  the  first  case  at  t - 0.0095-0.0100  sec,  and  in 
the  second  case  - at  t - 0.090  sec.  The  full  burning  time  in  the 
first  case  is  "C  - 0.0140,  and  0.0130  sec  in  t tie  second. 

These  tests  are  very  valuable  with  regard  to  the  ibeor>  of  non- 
uniform  powder  burning,  inasmuch  as  the>  show  that  the  sharp  increase 
in  the  rate  of  gas  formation  is  not  dut-  to  tne  increased  surface 
area  (which  was  the  same  in  both  tests) , but . rather,  to  the  Increased 
rate  of  burning  caused  b\  the  close  contact  uf  the  burning  surfaces 
and  by  higher  pressure. 

As  soon  as  this  contact  is  eliminated,  the  process  proceeds 
normally.  According  to  the  geometric  la*  of  burning,  all  the  powder 
surfaces  must  burn  with  the  same  rate,  and  a change  in  the  mutual 
arrangement  of  the  portions  of  the  charge  should  not  affect  the  law 
of  gas  formation. 

B_.  Powders  with  N arrow  Perforat  l ons 

An  identical  phenomenon  of  accelerated  gas  formation  should  be 
observed  in  the  case  of  powders  with  narrow  and  long  perforations, 
wherein  the  burning  surfaces  are  in  close  contact.  The  narrower  the 
perforation,  the  closer  is  the  contact  between  the  perforation  surfaces, 
and  the  more  vigorous  is  the  burning  process.  As  the  perforations 
are  eroded,  their  surfaces  spread  apart  and  the  intensity  of  burning 
decreases,  snd  as  a result  the  ordinates  of  the  r , curve  become 
gradually  reduced. 
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The  f.ct  that  the  b«r»i»*  rate  before  deco.po. i t tea , determined 


by  the  formula 


^ pelt 

O 

, - Than  the  rate  after  decomposition,  at  which 

ls  considerably  create,  than  the 

, T t c 1 1 efe  that  the  burning  rate  is  actually 

time  the  rate  is  normal,  indical 

greater  in  perforated  .rains  than  in  strip  powders.  — 

bu rn t ng  rate  of  Kisne.sl.ys  po.der  with  narrow  perforations  before 

^ of  inflexion  on  the  pressure 

decomposition,  corresponding  to  the  point 

1 r - 

_ y rate  is  0.07d  hcbi  sec. 
composition  whose  norwl  rate 

„ THT  eertcT  or  the  length  or  perforation  on 

2-  T PROGRESS I VE  BURNING  Or  POWDER 

According  to  the  geo.etnc  la.  of  burning,  the  n.rro.er  and 
longer  the  perforation,  the  .ore  progressive  is  the  shape  of  the 

*r* 1 D Ho.eve  r , the  n.rro.er  and  longer  the  perforations,  the  greater 
wlll  be  the  difference  bet.een  the  conditions  of  burning  inside  tbe 

perforation,  and  at  the  outer  anrf.ee,  the  .ore  — - * 

be  for  the  ga—  to  leave  the  perforation.,  and  the  greater 
the  pressure  developed  in  the.l  snd  a.  a result  - deviation^, 
the  geoeetrlc  la-  to.ard.  regressive  burning  .111  he  the  grea  - 
IB  order  to  conflr.  the-  Actions.  ~ are  presenting  belo. 
the  results  of  test.  In  . -ano-trlc  bo.b  for  d.ter-lnlng  the 
progressive  ^r.lng  of  po.der.  -1th  s large  nu.b.r  of  n.rroe 
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perforations  of  uniform  cross  section,  but  of  varying  length,  ana 
also  the  results  of  firing. 

Tests  for  determining  the  effect  of  the  length  of  perforations 

.ere  made  -1th  powder  No.  8:  36  perforations,  relative  length  in 

2c 

a normal  slab  a -90. 

The  charge°conslsted  of  normal  slabs,  of  slabs  of  the  same 
cross-sectional  area  reduced  to  1 '4  length  - 22),  to  1/6  of  the 

normal  length  l *£  . in,  and  slabs  reduced  to  1 10  ol  normal  lenetr. 

*0 

(2c  — 9) , Perforation  wall  — 0.42  mm. 

*°  if  for  the  sake  of  simplicity  we  assume  that  the  po.der  burns 
to  toe  very  end  without  decomposing,  then,  as  the  length  of  the  slabs 
is  decreased,  the  geometric  progress iv 1 1 y becomes  smaller,  and 

the  exposed  surface  ii  becomes  greater,  as  can  be  seen  in  Table  18. 
A1 

Table  18 


f T 

I 

„ 2c 

2c  T 

2c  ; 

T ! 

4- 

2e 

10 

I” 

2c 

| 

90  22  I 

11 

9 

*0 

1 1 

1.37  1.53 

l .76 

j 1.89 

^i 

1- 

2.17  1.83 

1 .39 

L . 20  1 

K_ 

1 

Tbl.  d.t.  .ho*,  that  a full-length  .lab  (20  possesses  a ver, 
high  geometric  progressist,  (2.17),  ehsrsss  . slsb  reduced  8 times 
is  lsngth  bs.  tbs  progr.sslSt,  of  a grain  sltb  7 perforation.. 
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Theoretical  curves  of  the  variation  of  a/Sl  corresponding  to  the 
geometric  law  of  burning  without  decomposition  are  shown  in  the 
diagram  of  fig.  68a. 

The  geometric  curves  of  progress! v i ty  ascend  from  the  initial 
ordinate  S/Sl  - 1 in  the  form  of  a diverging  cluster.  The  ordinates 
have  a maximum  value  at  the  end  of  burning;  as  the  length  of  the 
slabs  is  increased,  the  slope  of  the  curve,  and  hence  the  progressivi ty , 


increases . 


The  test  characteristics 


rere  calculated  from  these  curves; 


then,  in  order  to 


eliminate  the  influence  of  the  varying  exposuri 


— entering  into  the  values  of  the  latter  were  subdivided  into 

corresponding  values  of  Sj/Al,  reduced  not  to  the  lnltl.1  volu.e, 

but,  rather,  to  the  Initial  surface  area  We  shall  designate  this 

value  of  ~ ~ by  ; the  obtained  curves  of  as  a function 

A l S1 

of  y are  shown  in  fig.  6b. 


Fig.  68  - The  Effect  of  the  Length  of  Perforations 
on  the  Intensity  of  Cas  Formation. 

a)  theoretical;  b)  test  curves. 

S],  g g 

Were  the  geometric  law  applicable,  T-  — g-  ui ; rs  “ T"  ul*  l'm’ 

A.  I 1 1 

▼sins  of  rm  st  constsnt  burning  rate  Uy  would  vary  in  proportion 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


with  a/Sx.  Therefore  the  r#.  * curves  should  be  of  the  same  for.  and 
have  the  ....  relative  arrangement  as  the  curves  of  geometric 

progressive  |-,  V «»«•  68a)  * 

An  analysis  of  these  tests  shows  me  contrary  to  be  true,  as 

illustrated  by  the  diagram  in  fig-  bhb. 

the  p cul-ves  have  a sharp  slope  at  first  and  a maximum 

,t  *.0.10.  following  Which  their  path  is  regressive.  The  highest 

curve  ....  'or  t»e  ......  of  < he  »"*«  *• 

. . f he  ~ curve.  The  mutual  disposition  of  the 

the  slab,  the  lower  is  the  s curve. 

% curves  is  the  same  as  of  the  curves-  but  whereas  .he  S /S  t 

curves  proceed  in  the  form  of  a diverging  cluster  and  are  the  more 
progressive  the  greater  the  length  of  the  slab,  the  experimental 
curve.  Sbo.  the  reverse:  they  have  a maximum  divergence  after 

a .harp  ..cent  at  V-  0.10,  and  then  proceed  in  a converging  cluster, 
whereby  the  greater  the  slab  length,  the  more  regressive  is  the 

curve . 

,or  .lab.  ?£  in  length  the  curve  has  even  a small  horizontal 
8 

section. 

Thu.  the  longer  the  slab,  the  -ore  -ill  the  burning  of  perforate 
powder,  deviate  fro-  the  geometric  law.  me  steeper  will  be  the 
.Top.  (..cent)  of  the  P.  curve  at  the  .tart  of  burning  (while  the 
perforation,  are  .till  narrow,,  and  the  more  regre..ive  will  the 
curve  be  thereafter.  Decompo.lt ion  commence.  atr~0.70  and  the 
curve,  begin  to  drop  to  zero  at  y - 1 ■ 
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The  fol lowing  conclusion  can  be  derived  fro.  these  tests:  when 
powder  is  burned  in  a constant  volume  the  change  in  the  intensity 
of  gas  formation  is  the  .ore  regressive,  the  .ore  progressive  is  the 
shape  of  the  grain.  The  true  or  physical  la.  of  burning  gives  results 
which  are  opposite  in  character  to  those  of  the  geometric  law. 

Further  analysis  will  show  that  the  curve  of  the  shortest 

slab  4 is  .ore  regressive  than  curve  3 representing  a longer  slab 

. Here  the  li.lted  geometric  p rog r ess l v i t y begins  to  have  its 

effect,  and  the  conclusion  is  reached  that  for  a powder  grain  of  a 
given  cross  section  there  is  such  an  optimum  grain  length  at  which 
the  gas  formation  is  .ost  progressive  (or  least  regressive) 


( 2c 


20 


-2b) 


These  bo.b  test  results  which  are  so  paradoxical  fro.  the  stand- 
point of  the  geometric  la.  of  burning  were  verified  in  actual  firing 
tests  (Table  19) - 
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Table  19  - Results  of  Tiring  Using  Powders  of  the  Same  Cross  Section 

1 * 1 * ~ r T\ « # fsrsn  t l.finffthfi 


Powd 

er  Specimen 

Long 

(2c  - 

10A0) 

B hort 

ened 

( 2c  - 

o 

< 

CO 

jshor  t 

(2c 

l 

> 

o 

prade 

9 '7 

(with 

7 perforations) 

2c 

ao 

u> 

Ef/cm2 

v* 

m/ sec 

£i 

Ai 

220 

0.950 

2285 

613  j 

j 1 .39 

66 

1 . 1 50 

2290 

655 

1 1.44 

22 

1.100 

2285 

648 

; 1.59 

s 

24 

1 .200 

2290 

655 

| 1 .40 

All  the  specimens  gave  the  same  value  of  p„.  though  the  longest 
specimen  No.  1 having  the  most  progressive  shape  produced  this 
pressure  .1th  the  smallest  charge  u,  - 0.950,  which  serves  to  explain 
why  the  velocity  vfl  was  the  lowest  (613  m'sec). 

The  shortened  specimen  So.  2 having  the  least  theoretically 
progressive  shape  permitted  however,  without  elevating  the  pressure, 
to  increase  the  charge  to  1.150  kg  and  thus  increase  the  muzzle 
velocity  to  655  m/sec , i.e..  It  was  actually  found  to  be  more 
progressive.  Specimen  Ho.  3,  similarly  to  the  bomb  test,  gave  some- 
what poorer  results  than  specimen  Ho . 2 , producing  the  same  pressure 

at  a somewhat  smaller  charge  (1.100  kg),  and  v^  was  reduced  to  6«8 
■/sec . 

These  firing  tests  had  shown  that  powders  with  narrow  perforation, 
give  Identical  results  in  a bomb  and  when  fired  fro.  a gun,  and 
that  powders  with  excessively  long  and  narrow  perforations  are  not 
profitable,  notwithstanding  their  geometric  progressive, . There  is 
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> certain  optimum  length  at  which  burning  is  most  progressive;  in 
guns  at  large  values  of  A this  length  may  differ  from  that  in  a 
bomb  at  small  values  of  A . 

Similarly,  firing  tests  mltn  tubular  powders  have  confirmed  the 
fact  that  longer  tubes  in  an  identical  charge  produce  a higher  pressure 
pB  and  velocity  vA  compared  with  shortened  tubes. 

These  tubes  show  that  powders  witn  narrow  perforations  do  not 
follow  the  geometric  la*  and  that  their  deviation  from  the  latter 
is  the  greater,  the  longer  the  perforation. 

A comparison  of  the  results  obtained  in  firing  shortened  Kisnemskjj 
powders  with  3b  perforations  (No.  2)  and  ordinary  9/7  powder  (No.  4) 
indicate  that  notwithstanding  the  great  difference  between  their 
geometric  progressl v i t y , the  9'7  powder  produced  the  same  results 
(at  a considerably  simpler  manufacturing  procedure). 


3 THE  FUNDAMENTAL.  THEORY  OF  NONUNIKORM  BURNING  OF 
PERFORATED  POWDERS 


As  was  mentioned  above,  a certain  contradiction  -as  disclosed 
between  the  actual  and  geometric  law  of  burning  even  in  powder  grains 
of  simple  shapes. 

Such  cont radio it  ions  were  particularly  sharply  defined  in  the 
case  of  powders  with  narrow  and  long  perf oral Iona . Test  curves  of 
the  progressive  of  burning  are  entirely  contradictory  to  the 
theoretical  curves;  these  deviations  increase  with  the  length  of  the 
perforations.  Whst  Is  the  explanation  thereof? 
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perforations  would  regain  -..ere  forced,  which  condition  is  entirely 
i-pro bable  • Thus  a ni-pl-  reasoning  shows  that  the  burning  rate  inside 

and  outside  the  grain  cannot  be  the  same. 

By  separately  applying  the  pyrostatics  formulas  to  the-  surl  ace 

of  the  perforation  and  the  outside  grain  surface,  it  can  be  sho-n 
quantitatively  that  the  pressure  inside  a narrow  perforation  cannot 
equal  the  pressure  at  the  outside  grain  surf.ee.  and  that  the  pressure 
increase  inside  the  perforation  must  proceed  considerably  .ore  rapidly. 

„e  shall  make  a preliminary  analysis  of  the  values  governing 
the  pressure  increase  obtained  in  burning  powders  of  simple  shapes 
without  perforations,  assuming  that  the  grains  are  uniformlv 
in  the  bo.b,  or  that  only  one  grain  is  being  burned. 

We  have  Introduced  the  following  expression  for  determining 
the  pressure  increase  in  a constant  volume; 


fA  ^1  - — ' ^ 


TJ 


5_l  s_ 

Ay  St 


U.p. 


For  the  initial  stage  of  tne  burning  process  S ^ Si 

AV  1 " T ~A  ( “ “ T) 


then 


uxp, 
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but 


. j - powde 


r dons 1 t y » *nd 


Ai 


(50) 


iH  . 15uI 

dt 


p . 

i*> 


'o  " d 


Designating  V 


- V , we  gel 


. 5 ^ 

dP  - fJu,  - P 
1 V 


dt 


uv)  and  pressure  p,  ‘he 


- _ . ei ven  type  of  po-der  (f , 

,nd  hence  to  ratio  bet.een  the 

.n/H!  18  determined  by  tne 

...  P—  >»>““  *“ 

burning  surface  area 

18  separated  fro.  the  powder  surface. 

He  shall  designate  this  ratio  b> 


C-  s'v. 


viewed  as  consisting 

«...  - — — ■**"  ~ 

Of  two  consecutive  processes.  ^ Burlice  of  the 

n .ecu.ul»tloh  of  «ase.  separate 

perforation  inside  tne  perforation  -P*c«-  perfor,tion  If  the 

« — - **•  “ccu-ui th« - - — 

inside  pressure  e.ceed.  the  pres  burnln«  st  the  Inside 

.„::-rc=r 

..fan,  Mid  cospsre  the  results.  ^ 
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*1  *0  j HnWK 


A1  Si 


.„o,  T 

20C"  ^ 70  C • therefore  the  ratio  between  the  rate 

L ^ . c rule  at  the  outer  surface 

_ m the  perl  oration  and  1 nc  ruU 
pressure  increase  in  the  p 

f_r  in f the  order  of  sever*,  tens): 
will  be  considerably  create  ( 


dP  * £>  dP  and  p ’ ' P 

d t dt 


_ r-ow  nerforation  and  at 
Therefore,  even  if  the  pressure  in  » n.rro.  pe 

.1  at  » ccrum  moment,  the  pressure 
the  outside  surf  see  are  equal  at  a ce 

, .ton  till  Immediately  to  increase 

inside  the  perforation  ^ r#te 

f„ter  rate  than  at  the  outside  surface,  and 
u»  - u,p-  will  be  higher . 

_ relate  to  the  start  of 

All  the  reasonings  presente 

...... ...  w . 

. . ..tv  inasmuch  as  the  pressure  mill  increase 

the  oerf orat i ons  • Actuall>» 

the  perior  win  escape  because 

sore  rapidly  inside  the  perforations,  K 

m°  V t the  free  space  within 

- — • — 
tine  f row  the  outside  surface, 

- — : - — 

;:r.:  rrr.. ... - - — • 

„d  will  gradually  becose  .quali*.«l. 
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1 


However,  due  to  the  extremely  high  speed  of  this  phenomenon,  the 
gases  formed  in  the  perforations  are  incapable  of  fully  escaping  fro- 
the  narrow  openings  and  become  accumulated  in  the  perforations,  the 
pressure  increases  as  a result  and  in  turn  increases  the  rate  of 
burning , so  that  burning  in  the  perforations  at  a given  pressure 
within  a bomb  must  invariably  proceed  at  a higher  rate  than  at  the 
outside  surfaces  of  the  gram. 

Thus  the  presence  of  narrow  and  long  perforations  in  the  powder 

will  always  cause  nonunlform  burning  in  the  perforations  and  at  the 

, in  the  anomalous 

Kraxn  surface,  and  this  nonuni f orwi t > i-buits 

t o i t V ~ s*  presented  above  (see  diagrams  in  figs, 
curves  of  p rog ress l v l t > , * F^esen 

48 , 49 , b2  and  b3) . 

If  the  loading  density  4 is  increased,  the  corresponding  value 
of  £ • for  each  perforation  remains  unchanged,  the  value  of  t ' for 

the  outside  surface  increases  (because  the  entire  ('  fraction 

, a 'i  «p£!  the  ratio  £-  decreases  and 
increases  with  the  increase  of  4 1 , and  the  f. 

tends  toward  unity. 

# . * »K«*  n u-'  curves  at  small  values  of  o 

Tests  have  shown  that  the  . , ^ cut 

actually  become  more  regressive. 


237 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


ejected  from  a gun.  Many  of  the  perforations  are  eroded,  which 
condition  can  be  due  only  to  the  presence  of  a high  pressure  within 
the  perforations,  similar  erosions  were  observed  also  on  the  side 
surfaces  of  the  slabs.  The  perforations  are  almost  circular  In  shape. 

4.  EPFECT  PRODUCED  BY  NOMJNIFOKM  BURNING  OF 
PERFORATED  POWDERS  ON  THE  SHAPE  OK  THE 
r CURVE 

We  shall  now  show  thal  nonun  if or*  burning  and  excessive  gas 
pressure  in  narrow  perforations  can  serve  to  explain  tne  steep 
ascent  at  the  start  and  the  continuous  drop  of  the  ~ V curve  obtained 
from  the  analysis  of  experimental  P,  t curves  obtalneu  with  powders 

having  narrow  perforations. 

We  have  the  following  designations: 

S’  - outside  surface  area  of  burning  grain. 

S"  - combined  surface  area  of  all  the  perforations  in  the  grai 
S m,  s * -*■  S ” - total  surface  area  of  the  grain, 

- initial  volume  of  grain; 

u'  - burning  rate  at  the  outside  grain  surface  (u'  - u^); 

u"  - burning  rate  inside  the  perforations  (u'  - u^"). 
in  order  to  simplify  the  analysis  of  the  phenomenon,  let  us 
assume  that  the  burning  rnte  inside  the  perforations  is  uniform  and 
that  the  burning  rate  along  the  entire  outside  surface  is  likewise 

constant. 

Let  us  ses  now  how  the  test  curve  of  progressl vl ty  T-  I . 11 
in  the  case  of  the  geometric  la-  -ill  differ  from  the  same  cur- 
bs,.* on  actu.l  burning  proceeding  with  different  rnte.  at  the  outside 
surf act  and  In  ttis  ptrf orations. 
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„ i hr  t at  a given  mutant  the  »a.e  portion  of  the 
Let  us  assume  tnat  “ & * 

v ... — - »o‘“  *— • r.rr'" 

side  surface  equaled  p'  and  °n  the  inside  surface  P 

, ...  * he  bon  b test  records  a pressure  p • 

assured  that  the  crusher  used 

/ gpouet  nc  la-  ol  burning),  the  burning 
Then,  in  the  lust  case  (geou.et.ic 

rate  on  all  the  surfaces  -ill  be  the 

u"  - U ' , I-  “ P * 

1 r r ihp  rite  of  i;as  formation  as  the 
Vs  1 ug  the  general  formula  for  the 

basis, we  can  write: 


S’  - S" 
*1 


M 


- _ J_  - §-'-^  ur 

1 p ’ \dt J AI 


, (actual  burning!  , the  burning  rate  differs: 

In  the  second  case  tacx.ua 

u*-  :>  u ' ; p’  ^ P * 

Th.  surface  area  of  the  perforations  S'  burn,  -1th  the  rat.  »•  . 
sad  the  outside  surface  S’  - -Hh  the  rate  «’• 

We  get: 


II 


S'u’  ♦ „ 

A1 


u,p 


• 


AI 


Al 


11 


A l 
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A comparison  of  the  Tj  and  ^ , expressions  .ill  show  that  they 
differ  by  their  p"  'p ’ factors  alongside  the  surface  S”  appearing  in 
parenthesis  . 

inasmuch  »b  — a> 1 , f\  , >1^  , as  observed  in  comparing  the 

P ' 

theoretical  and  test  curves  of  P . 

Hence,  when  burning  is  not  uniform,  the  behavior  of  the  powder  is 
such  as  U the  surface  area  «.J  Us  perforations  were  increasing  with 
rcspec  t to  p”  /p * • 

Actually  this  represents  an  increased  rate  gas  formation  due 

to  the  increased  burning  rate  in  the  perforations. 

We  thus  arrive  at  the  following  conclusion:  il  the  burning  of 

tne  powder  is  not  uniform,  the  pressure  and  burning  rate  in  the 
perforations  being  higher  than  at  the  outside  surface,  then  at  a given 
if  the  intensity  of  gas  formation  ^ , must  always  be  greater  than  P, , 
when  calculated  with  the  assumption  that  the  burning  of  the  powder  Is 
uniform  . 

The  difference  between  the  rates  of  gas  formation  based  on  actual 
and  geometric  laws  of  burnlug  will  depend  upon  the  ratio 


UjP" 

UXP  ’ 


As  burning  progresses,  the  disseter  of  the  perforation  increases, 
and  the  ratio  - and  hence  of  ^ becomes  smaller;  the  ratio  will 


P* 


decrease  also  and  the  ru  and  rf  curves  will  converge.  This  is  the 
very  condition  actually  observed  on  the  r,  ¥ curves. 
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Thus  under  conditions  of  actual  burning  of  progressive  powder  with 
narrow  perforations  in  a constant  volume  the  intensity  of  gas  formation 
will  be  considerably  greater  at  the  start  of  burning,  and  the  I", 
curve  will  be  situated  considerably  higher  than  the  theoretical  curve. 

This  difference  becomes  smaller  as  burning  progresses,  and  the 
intensity  of  gas  formation  sill  differ  t roa.  the  theoretical  to  a 
smaller  decree.  During  the  entire  p roc  ••*.!»  ut  Uurx.i.**.  ot  roR.e.b. 
powder  the  value  of  P may  generally  decrease  and  hence  the  burning 
will  be  regressive. 

The  narrower  the  perforations  and  the  greater  their  number,  the 
higher  will  be  the  ratio  between  the  perforation  surface  area  S"  and 
the  total  surface  area  S,,  the  sharper  will  be  the  influence  of 
□ onucl f o rn  burning  and  the  greater  will  be  the  deviation  from  the 
geometric  law,  so  that  progressive  powder  grains  will  actually  burn 
regresslvely,  which  Is  the  case  observed  in  the  burning  of  K lsnemsky 

powders  with  3o  perforations. 

5 BURNING  OF  powder  with  narrow  perforations  IN  A 

GUN 

Tests  show  that  the  r\ y curves  at  small  values  of  a are  more 

regressive  than  at  high  values  of  A . 

This  behavior  is  most  important  In  clarifying  the  actual  burning 
of  performed  powders  in  a gun,  where  the  initial  loading  density  is 
very  high  (of  the  order  of  0.50-0.70),  and  decreases  continuously  as 

the  shell  aoves  through  the  bore. 

It  was  shown  in  the  theory  of  aonuolfor.  burning  of  powder 
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that  as  the  loading  density  decreases,  the  difference  increases  between 
the  values  and  t”  characterizing  the  rate  of  gas  pressure  increase 
at  the  outer  surface  and  inside  the  powder  perforations. 

For  powders  with  7 perforations  at  A-  0 . 20  t *'  ^ 70  ^ * , the 
r,  ^curve  of  the  intensity  of  gas  formation  is  also  regressive. 

The  powder  commences  to  burn  in  a gun  at  considerably  higher 
loading  densities  ( AQ  - 0.60-0.70),  at  A Q - O.TOfc1  — 8$”  for  the  same 
type  of  powder  with  7 perforations,  i.e.,  the  difference  becomes 
equalized.  Burning  at  this  constant  value  of  A 0 - 0.70  would  have 
occurred  under  more  uniform  conditions. 

In  addition,  due  to  the  movement  of  the  shell  through  the  bore, 
the  space  behind  it  increases  continuously,  and  the  loading  density 
in  this  variable  volume  continues  to  decrease  during  the  entire  burning 


process  ( a - 


).  This  results  in  a continuous  variation  of  the 


ratio,  whereby  this  ratio  increases  when  L.  is  reduced,  which 
serves  to  increase  the  intensity  of  gas  formation  r and  Increases  the 
progressive  burning  as  the  shell  moves  through  the  bore. 

Thus  in  attempting  to  reach  a conclusion  regarding  the  burning 
of  powder  in  a gun,  we  cannot  consider  its  burning  in  s bomb  at  one 
constant  loading  density  ss  being  representative  and  assume  that  the 
obtained  P,  V curve  characterizes  the  intensity  of  gss  formation  in  a 
gun.  Such  a conclusion  would  be  incorrect.  The  burning  of  powder 
must  be  considered  in  its  relation  to  the  conditions  of  loading  and 
burning  taken  as  a^rbole. 
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Therefore,  in  order  to  calculate  the  intensity  of  gas  formation 
when  burning  powder  in  a gun.,  it  is  first  necessary  to  determine  the 
~ ^ curves  at  constant  but  different  values  of  £ by  means  of  bomb 
tests,  and  to  determine  the  effect  of  & on  the  characteristic  change 
of  intensity  of  gas  formation.  Tnen,  taking  into  account  the  initial 
loading  density  in  a gun,  it  is  necessary  to  extrapolate  the 

experimental  „ c-rves  obtained  in  a oorb  at  scalier  values  of  u 
for  the  given  loading  density  d • Thereafter,  hearing  in  mind  tnat 
the  loading  density  :n  a g -r.  decreases  contln-OwSly  from  Jlr 


w0  * s ** 


rhere  t 


t ne  d 1st an  - 


: r a versed  h > 


me  3 be. 


-k  • 

at  me 


end  of  burning  of  the  powder  . it  . s necessary  to  go  over,  as  ~ 
increases,  fro*  the  curve  a:  * • - - to  tr.e  - c-rves  co  rrespoDdlog 

to  successively  smaller  constant  densities  if  Leading. 

As  a result,  the  ~\  - curve  cf  tr.e  intensity  of  gas  formation  for 
a variable  loading  density  will  differ  fro*  each  ^ c.rve  obtain ed 
at  constant  values  cf  £ . As  shewn  ir  fig.  "1  by  a so.  id  curve,  it 
can  be  even  mere  c regressive.  the  progress:  v t :y  being  the  eigne  r tae 
greater  the  initial  density  of  loading. 

At  low  initial  loading  density  d , , tr.e  change  in  the  regressive 
cbaracterist  ic  of  tae  “ , curves  obtained  at  constant  will  be 

lasigaif  leant,  and  m such  a case-  the  burning  may  be  regressive  also 
at  a variable  value  of  1 (fig.  ~2). 

Tbe  effect  of  tae  value  of  d 0 on  progressive  burning  will  serwe 
as  as  explanation  of  the  following  very  interesting  fact  observed  in 
t be  firing  of  gnns  vita  Kitaesaky'i  powders:  in  one  gun  a charge 
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r 


consisting  of  Kisnemsky's  powder  with  36  perforations  at  a high  loading 
density  gave  better  results  than  strip  powder  <pBax  was  lower  at  the  same 
value  of  v,  ),  whereas  another  gun  at  a small  value  of  loaded  with 

the  same  powder  gave  poorer  results  (the  same  velocity  at  a 
considerably  higher  pressure  . 

This  fact  can  be  explained  only  by  means  of  the  theory  of 
noauniform  burning. 


r 

Fig.  71  - Intensity  of  Gas  Formation  in  a 
Gun  at  a High  Value  of  A^. 

1)  A-  variable;  2)  Aq  - large. 

The  higher  the  loading  density,  the  more  uniform  will  be  the 

conditions  of  burning  inside  the  perforations  and  at  the  outside  surface, 

and  the  more  closely  will  actual  burning  approach  the  geometric  law. 
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Fig.  72  - (Coat’d.) 

1)  A - variable;  2)  A q " small. 

Only  by  considering  the  process  of  burning  In  conjunction  .ith 
all  the  factors  influencing  its  characteristics,  can  .e  arrive  at  a 
correct  conclusion,  on  the  basis  of  the  theory  of  nonunlfor*  burning, 
regarding  the  true  burning  of  a po.der  charge  in  the  bore  of  a gun 
.hen  the  latter  is  fired.  The  theory  of  nonunifor*  burning  had 
disclosed  the  fund.sent.l  law.  governing  the  burning  of  powders  elth 
narrow  perforations  and  had  *ade  it  possible  to  explain  the  reasons 
for  the  unsatisfactory  progressive  burning  of  K i snetashy ' s powders. 

CHAPTER  ■»  - THE  USE  OF_l HTEGKAL  CURVES 

l THE  PRESSURE  IMPULSE  OF  POMDER  GASES  AS  THE  BURNING 
1.  THE  PRESSURE  ST  ,c  0F  POMDER 

Using  the  pressure  curve  obtained  f row  a boab  test,  the  corresponding | 
value,  of.cn  be  found  fro-  the  values  of  the  successively  increasing 
value,  of  p;  the  test  characteristic  of  prog ress 1 v 1 t y - the  function 
r_  1 d*  wlth  relation  to  t and  ^ can  then  be  calculated,  as  eell  as 

the  successively  increasing  values  of  ( pdt.  t 

The  obtained  data  Is  used  for  constructing  V and  f Pdt'Y 

graphs.  Me  shall  Introduce  the  designation  1 - j pdt- 

The  value  of  the  r function  a.  an  analytic  function  of  the  ponder 
burning  process  -a.  discussed  in  detail  earlier:  it.  for.  depend, 

on  the  di.en.ion.  and  -hap.  of  the  po.der,  on  the  characteristic, 
and  burning  condition,  of  the  po.der,  and  tahe.  into  consideration  the 
ignition  characteristic,  snd  the  heterogeneity  of  the  po.der  c<~po.itton  - 
both  chemical  (fleg.atls.tion)  and  physical  (porosity). 
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The  integral  curve  1 , f is  likewise  a characteristic  of  the 
burning  of  powder,  whose  form  changes  depending  upon  the  above- 
mentioned  factors. 

Actually,  the  tangent  of  the  angle  formed  by  a line  tangent  to 
curve  I,  y is  the  inverse  of  ~ (fig.  73): 


tan  * - — _ pd t _ 1 


dl 

d'f  d y 


1 • co  t an  3 . 


Inasmuch  as  the  value  of  ~ increases  when  the  burning  of  the 

powder  is  progressive,  angle  3 will  become  smaller  and  the  concave 

side  of  the  f*  pdt,  y curve  will  be  directed  towards  the  y-axis;  when 
J 0 

burning  is  regressive,  the  convex  side  of  the  I,  y curve  will  be 
directed  towards  the  y-axia.  Therefore,  the  I,y  curve  obtained 
from  the  bomb  test  pressure  curve  can  also  serve  as  a characteristic 
of  progressivi t y under  actual  conditions  of  burning. 

Ve  are  presenting  below  schematic  diagrams  of  r,  y and  1 , y 
curves  obtained  with  a weak  and  strong  igniter  (figs.  74  and  75).  The 
slower  the  full  ignition,  the  longer  will  be  the  portion  of  the  curve 
corresponding  to  gradual  pressure  Increase,  and  the  more  rapidly  will 
the  ares  under  the  1 curve  increase  at  small  variations  of  y . The 
inflexion  of  the  I,  y curve  at  point  a corresponds  to  the  apex  of 
"ballooning'*  on  the  r,y  curve  (point  s'). 
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th.  o,  oo..l0.r.»l,  *“  “* 

portion  •<  «•  ‘.V  ° ^ ' 

,o  oroor  to  oOt.ln  ro.o...  oorro.pooO,..  to  .c 

t lrio.  oo.01t.oo.,  to. 


.to  73  - Relation  Between 

I.y  and  y curves. 


»1K.  74  - 1 , V and  I-,  y Curves 

Obtained  with  a Weak  Igniter. 


yig.  76  - Relative  Pressure  I-pulse 

l/lt  as  a Function  of  Y . 


e 1 


- ii  «. 

, “d  1 ' ^ ’ “i  «i 


...  75  - 1 , Y *nd  “* ^Curves 

Obtill^  -lib  a Strong  Igniter 

It  is  known  fro.  pyroetatics  that  Ig  - Uj 

^ . thA  t y curve  is  analogous 
. , hence  I is  proportions!  to  x . and  the  I , Y 

* The  x W curves  were  presented  in  the  sect  on 

to  the  x, * curve.  Th.  x, Y «i  curve. 

general  pyrost.tlcs;  hence  the  theoretical  I.y 

genera  yj  thovD  In  fig 
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Curve  1 in  this  figure  corresponds  to  the  change  of  pressure 
impulse  of  tubular  powder,  2 - of  strip  powder,  3 - of  a cube 
same  value  of  IK  - — • 

The  thicker  the1 powder  at  a given  burning  rate  the  higher  will 

be  the  integral  curve  I,*  on  the  diagram;  the  higher  the  burning  rate 
at  a given  thickness,  the  lower  will  be  the  location  of  the  1.  w curve. 

O tht  USE  ok  Cl  pdt  FOR  DETER* I N INC  THE  BURNING 
RATE  u l . 

w t _ _t  n . i i.e..  u,  , is  determined  by  formula 

The  burning  rate  at  p - a,  i • . i» 


1 


lK 

^ pdt 


w - 1 
^ Pdt 


1 

where  ex  Is  one  hill  the  thickness  ol  the  burning  »*b,  pdt  - IR  1® 

the  complete  Integral  deter.tned  fro-  bo-b  tests. 


Fig  77  - The  Application  of  ipdt  for  Determining 
Ul  for  Regressive  Powders. 

This  formula  would  apply  if  ignition  were  instantaneous  and  the 
thickness  of  the  powder  were  unlfors  throughout  and  equal  to  an 
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average  v.Ue.  Actually  of  course  the  po.der  thickness  1-  • 
is  not  uniform . in  action  to  elements  of  an  average  thickn..., 

there  are  present  also  thinner  an.  thicker  elements,  an.  the 
integral  \ pdt  determined  in  bomb  tests  corresponds 

of  an  element  of  maximum  thickness,  which  thickness  is  usually  unknown. 
,ctu.l  poeder  measurements  permit  determining  only  the  approximate 
average  thickness  of  the  webs  of  the  grains  composing  ibe  charge. 

Hence,  in  order  to  determine  «,  the  vatue  of  W used  in  the 

denominator  must  correspond  to  the  mean  pomder  thickness  d cP  -erage 

, . (odt  - 1.  corresponding  to  the  average 

in  order  to  determine  Ipdt  »i 

..  . o,y.  ......  »«  ■»*"”  'P,“-  T 

afti.rU'chf  0.90;  this 

usually  undergoes  a sharp  deflection  up-.rds  Y 

correspond,  to  the  end  burning  process  of  the  thicker  elements.  Hence, 

determine  I,  cor respondlDR  to  the  turning  of  the  mean 

in  order  to  determine  cp 

thickness,  the  second  half  of  the  I.  Y curve  must  be  extended  or 
prolonged  using  an  accurate  French  curve,  Y changes  .ithln  e 

limits  of  0.5-0...  -til  this  extension  along  the  basic  direction 

tb.  curve  intercept,  the  ordinate  *l  Y ” 1 <fi«'  17)  * 

The  ordinate  thus  obtained  mill  he  ...Her  than  the  full  integral 

V-J  Pdt  - 1K,  and  min  correspond  to  the  average  thickness  ex  cp- 


Tb«n 


. *l  CP 
!1  cp 


..  ...  c...  .1  — . 

,U1  ».  ........  ..  >»•  ="r’"  "“■*  ““““ 

250  STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


(up  lo  ♦.0.10).  then.  in  order  to  oM.U  a -or.  reliable  as 

regtrd.  the  basic  region  of  burning  conforming  to  the  la-,  the 

following  method  is  suggemted  for  determining 

.......  ..  - ......  •“  — “ *- 

..........  — - '°r 

X -X  for  a slab  or  cube.  Using 

short  tubes,  strips  or  plates,  orl,  A,  - 

f o rau 1 a 

2 


> z 


x\z' 


i e that  V-  O.io  and  0.90,  the  corresponding  values  *0.10  *ad 
mnd  assuming  that  Y*  u 

_ are  computed,  and  the  thicknesses  eQ>10  - *1*0.10  8nd 

0,90  tn  this  region  are  determined  by 

, . e _ and  the  burning  rate  In  this  regi 

e0.90  1 0,9 

Beans  of  formula 


u,  - 


B0 .9 


*0.1 


{ 


.90 

.10 


pd  t 


0.90  r the  I Y diagram  (fig*  78) 

where  f pdt  Is  obtained  directly  fro.  the  I > *r 

0.10 


ft* 


Fif.  78  - Determining  \*\  nt 
Veak  Igniter  Pressure. 


Fig.  79  - Determining  ux  for  Powders 
of  Progressive  Shapes - 

251  STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


in  the  case  of  progressive  po.der  grains,  if  the  grain  dimensions 
are  known,  it  is  necessary  to  calculate  Ys  at  the  Instant  of 
decomposition  (using  the  assumption  that  the  burning  of  the  gratis 
progressive),  obtain  from  the  Jpdt,  Y diagram  the  value  of  Is  - ^ P« 

(fig.  79),  and,  assuming  that  the  mean  «eb  thickness  already  burned 
at  the  time  is  e±  cp,  determine  the  value  of  ut  by  formula: 


' 1 cp 


* 1 c p 


pdt 


Inasmuch  as  in  actual  practice  burning  inside  the  perforations 
and  at  the  outside  surface  (in  powders  with  narrow  perforations) 
proceed,  at  different  rates,  the  determination  of  rate  ut  is  conditional 
and  depends  on H , and  can  give  only  comparative  results  for  a given 
loading  density. 

3 INTEGRAL  CURVES  AS  CRITERIA  FOR  THE  VERIFICATION 
OF  THE  BURNING  RATE  LAW 

Using  the  burning  rate  law  u - «lP  »»  a basis,  it  -as  shown  above 

tbst  the  full  pressure  impulse  ^ pdt  - ^ does  not  depend  on  the 

0 

loading  density. 

It  can  be  easily  shown  that  in  the  case  of  different  burning  rate 
law.  u - ap  + b or  u - ApV,  -here  V < 1 . the  magnitude  of  ^ pdt  must 
increase  with  the  increase  of  the  loading  density. 
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wheoce 


i 


Jt  *1  l-V 

pdt  - — (P  >CF- 

o A K 


I 

s 


(The  subscript  cp  stands  for  "average.  ) 


But  as  the  loading  density  is  increased,  (p 


1-V> 


">  increases  also, 
cp 

because  the  aul.ua  and  ...»  pressure  becose  grea.er"  Hence,  for  the 
la.  u - Apv,  -here  » < 1 , 'f  pdt  .111  be  the  greater,  the  higher  the 

I I 


density  of  loading. 

Thus  the  dependence  or  Independence  of  the 


r 


pdt  integral  on  the 


loading  density  constitutes  the  basic  criterion  in  the  validity  of  the 
given  burning  rate  law. 

If  the  full  pressure  i.pul.e  during  the  burning  of  po.der  doe. 
not  depend  on  the  loading  density,  this  condition  can  prevail  only 

in  the  case  of  the  burning  rate  law  u - utp. 

If,  however , the  i.pulse  beco.es  greater  as  the  loading  density 
increases,  this  condition  can  apply  only  to  the  burning  rate  la. 
u . ApV  , .here  V<loru-ap  + b. 

The  above  criterion  can  also  be  fomulated  as  follows: 

If  upon  increasing  the  loading  density  the  integral  curve.  Spdt 
a.  a function  of  f coincide  .1th  each  other,  the  burning  rat.  In 
„ . „lP  (.here  p is  of  the  first  degree  or  V - 1)  is  valid. 

If  upon  increasing  the  loading  density  the  integral  curve.  [pdt 
a.  . function  of  y proceed  fro.  the  origin  of  the  coordinate,  as  a 
diverging  cluster,  the  higher  - the  greater  the  v.lu.  of  A , then  the 
_l_at_u_-_Apw.  where  VCl,  °r  lnw  u - ap  ♦ b is  valid. 
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4 the  use  of  integral  curves  for  verifying  the 

BURNING  RATE  LAW 


A.  The  Application  of  Diagrams  to  Powders  of  Simple 
Shape*. 


in  order  to  establish  the  burning  rate  law,  w*  had  conducted  tests 
in  1924-25  with  powders  of  si.ple  shapes  (strip,  short  tubes)  in  order 
to  obtain  the  pheno.enon  in  a purer  fora  and  ellsinate  the  effect  of 

narrow  and  long  perforations  C • 

We  had  chosen  for  our  first  tests  strip  powder  "CH"  (2ej  ^ 1 •*) , 
which  has  an  eacept ional ly  regular  shape  and  is  »ost  unifors  in 
thickness  and  in  cross  section.  Plates  were  selected  of  the  wost 
unifor.  thicknesses  and  were  tested  in  a bomb  at  a loading  density  of 
A.  0.159,  0.209  and  0.259  using  a strong  igniter  pB  120  kg/ca.2. 

These  plate,  were  burned  in  simultaneous  tests  at  a constant 
loading  density  of  A - 0.209  in  order  to  obtain  a picture  of  the 
scattering  of  the  integral  curves  under  identical  test  conditions. 

The  results  of  both  test  series  are  presented  in  the  diagrass  of  fig. 

80*  *nd  b. 

The  1,  Y curves  at  different  values  of  L lie  Just  as  closely 
to  one  another  as  do  the  curve,  at  the  ease  value  of  A ; the  difference 
between  the  value,  of  fpdt  at  different  A lie.  within  the  allowable 
test  Halts.  Wo  divergence  of  the  integral  curve,  (clu.ter)  is  ob.erv.dj 
Therefore,  it  -ay  be  considered  proved  that  for  strip  powder 
of  properly  cho.en  thicks...  the  value  of  Ipdt  for  the  given  value  of 
Y doe.  not  depend  on  the  loading  density  A , thl.  condition  being  true 
only  for  the  burning  rate  law  u - u^.  Hence  it  say  be  considered 
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proved  that  for  pyroxylin  strip  powder  the  burning  rate  is  proportional 
to  pressure  to  the  first  power. 

Thereafter,  the  following  was  established  on  the  basis  of  many 
tests  with  powders  of  the  most  diversified  compositions  and  with 
webs  of  different  thicknesses. 

1)  Powders  in  the  form  of  simple  regressive  shapes  - strip,  rod, 
short  tube  with  a relatively  wide  perforation  - burn  in  such  a manner 

that  at  A varying  from  0.12  to  0.25,  JVpdt  does  not  depend  on  the 

0 

loading  density  and  the  integral  1 , S'  curves  proceed  in  the  form  of  a 
coinciding  cluster  (figs.  81  and  82) . 

This  coincidence  is  most  complete  for  powders  of  uniform  thickness 
and  when  using  a strong  Igniter  <pB  - 100-150  kg'c.2),  which  insures 
almost  instantaneous  ignition  in  a bomb. 

Tubular  powders  containing  a solid  solvent  (trotyl  + pyroxylin) 
produce  r,  v'  curves  which  are  free  of  ’’ballooning*’  and  integral  I, 
ycurvea  in  the  form  of  straight  lines  from  y - 0 to  f »0.90-0.95 
(see  fig.  81). 


Fig.  80  - Integral  Curves. 

m)  at  different  values  of  A ; b)  at  the  same  value 
of  A ; 1)  different  values  of  A ; 2)  same  value  of 
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. tlle  golveuts  (pyroxylin  and  poorly 
"Tubular  powder*  with  vol.  „b>1  loonlng."  on  the  curves. 

volatile  nitroglycerin)  .!«»■  P of  the  burning  process. 

which  gradually  disappears  1»  * ^ curves  does  not 

However.  tbe  sutual  disposition  of  - _ and  have 

change  - they  P-ceed  in  the  or  lblrd  of  the  process  WU" 

a certain  a-ount  of  curvature  in 

82)-  . st-  wlth  pyroxylin  powders  and  powders 

Thus,  also  these  tests  ^ sho.n  that  when  they  are 

.olid  solvent  in  the  fore  of  0-l5_0.25>  the  burning  rate 

burned  in  a bo.b  at  -.ding  densities 

is.  u - -IP  - valid-  lsrge  pi stes  prepared  by  cutting 

- -■ 

..  ».  a"U  ‘ 1 , ...» .»• 

pr'"”r*  o ' ‘ . <•  >»* 

this  behavior  In  the  case  of  » • ^ decreases.  W-0.75 

......  - «• — - Ar  H* 

tor  -err  po-der  (2*!  - , 2 ,t  a-  0.02  to  0-077  — /••«  : 

— - •*  "";,r  » .7-  - 

. K/cn2  at  A-  0.12.  At 
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k 

£ 


— . ^ pyrwll„ 

o-  .K.  J ch.„g.  „,a_  „ it- 

constancy,  depends  not  on  the  nature  of  the 

"*ture  of  lh*  P°*der  mass,  but,  rather, 
on  the  burning  characteristic  of  the  powder. 

Thick  powders  at  high  values  of  anJ  tt,ln 

low  V»,  , t r U,in  ones  *'  b°th  high  and 

ues  of  J give  a constant  pcjt  , ,. 

'an  ‘ C8Se  of  thlck  Powders 

a'  —U  values  of  a (CO. 10),  J pdt  decreases  with  decrease  of 

J'  •"  »■  — ■ « ...  thp 
u * ujP  law  appLles. 


•*v 


Tubular  powder  with  volatile  solvent. 
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Ho*  can  the  above  results  be  explain^?  ^ assumption  rt>J 

lt  u .o.t  rea.os.bl.  , io.  Pressures,  the 

that  la  the  case  of  bUF  p poor  heat  conduct iv  1 1, . 

burning  layers.  aotslthstandmg  surroundlng  gases  and  high 

become  heated  under  the  — ^ ___  at  the  outer  posher 
temperature.  Due  to  this  me  ^ lQ  any  other  chemical  reaction, 

layer , the  burning  — ton  s ^ den.lt>  and  Ba* 

proceeds  the  — the  ~ ^ ^ ^ burnlng  layer  -sards 

the  loser  the  rate  («>  ° be  lfce  pcnetratton  of  heat 

the  center  of  the  ^ ^ ^ feature  of  the  latter. 


r «3b  - The  Dependence  of  «j 

Flg.  83a  - The  Dependence  of 

Jpdt  on  ^ • 1 ) U » **C  * 

1 natively  confirmed  by  the  modern 

This  explanation  is  qua  Zeldovich. 

.....  — ..n  - - « 

A ..the— tlcal  appro.c  dlf,erent  value,  of  A can 



b,  for-nr  expr..-^ 
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The  values  of  u are  practically  the  same  when  computed  by  means 

of  these  formulas  for  p ^25-300  kg/cm2. 

Therefore,  for  simple  shaped  pyroxylin  powders  with  a solid  solvent, 
the  following  burning  rate  law  holds  true  at  A > 0 . i o and  pressures 
800  kg/cm2:  u - uLp. 

For  these  same  po.ders  at  pressures  <'  800  kg  cm2,  the  appropriate 

burning  rate  law  Is  u - Apv,  where  V < 1. 

When  the  pressure  p varies  fro.  300  to  800  kg  cm2,  the  value  of  v 
itself  apparently  changes  also  and  approaches  unity. 

Thus  the  burning  rate  law  is  not  the  same  for  different  conditions 
of  burning;  its  form  changes  with  change  of  pressure. 

B.  Applying  the  D iagrams  to  Powders  wit h Narrow 
Perforations 

In  the  case  of  progressive  pyroxylin  powders  with  many  narrow 
perforations  the  integral  curves  1 , Mf  proceed  in  the  form  of  a diverging 
cluster  because  of  the  nonuniform  conditions  of  burning  in  the  narrow 
perforations  and  at  the  outside  surface,  the  disposition  of  the  curves 
being  the  higher  the  greater  the  value  of  -1  . Starting  with  *~0.60- 
0.65,  the  1,V  curves  become  practically  parallel  (figs.  85  and  861- 
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A, 


Plg.  85  - {pdt,  y »»d  T,  V Curve,  for 
7/7  Powder. 

...  .....  ..  ...  ..»•*  ««<•“••  *" 

...  divers* nc.  .<  >»•  “ “* 

law : 

u - Ap^. 

• I-.,  —ber  •*  .P-l-ea-  (over  100 

.pecleen.)  con.l.tin.  of  powder.  .1th  7 perforce*. 

7/7,  9/7,  19/7  and  15/7  «ive  the  value  of  V-  0.83  - 
our  do-tlc  pyroayl in  po—r.  -Itb  7 perforation.. 
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o.«. - — ■«  - «»>•"•* 

.. ......  <.»•*•  ““  i”  6""‘" 

,tA>0.12  i»  expressed  by  the  foreul. 

U - U^p . 

,h.  ....  pyro.yll.  I.-"'*  P'r,"r“l0"‘  “ /“ 

>”  - 

u - A p W , 

4 . r,  th*-  form  of  a diverging 

i t ^ r u rves  proceed  in  the  iorm 
umr* use  the  integral  1,  ^ curvet*  v 

cluster  .nd  .re  disposed  on  the  dlagr.*  the  high.r.  the  htgher  Is 
loading  density. 


rl„  Spdt,  f ...  ".V  

.pp.r...  c~.rMi.U~  C ».  ~ «* 
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basis  of  the  theory  of  nonunlform  burning.  It  was  shown  above  that 
location  of  the  r,  curves  Is  the  lower,  the  higher  the  loading  density, 
but  r is  the  cotangent  of  the  angle  Bade  by  the  I , ^ curves  with  the 
^ - axis;  hence,  as  P decreases  with  the  Increase  of  A , the  slope 
angle  of  the  integral  curves  Increases  and  they  continue  to  ascend 
higher  and  higher  in  the  fora  of  a diverging  cluster. 

Thus,  in  the  case  of  the  burning  rate  law  u - u,p  corresponding 
to  the  nature  of  the  powder  and  the  conditions  of  loading  (A>0.12), 
the  integral  curves  nevertheless  proceed  as  a diverging  cluster 
because  of  the  nonunlform  burning  of  perforated  powders  at  different 
values  of  A . Again,  formally  this  divergence  of  the  integral  I ' 
curves  with  change  of  A can  be  expressed  by  the  burning  rate  law 

u - Apv  , 

where  < 1 . 

The  burning  rate  law  for  colloidal  powders  is  expressed  by  the 
foniula 

u - uxp . 

For  powders  with  a solid  solvent  ux  is  a constant;  for  ordinary 
pyroxylin  powders  and  also  for  nitroglycerin  ones  ux  is  a variable 
in  the  first  third  of  the  burning  process;  it  depends  on  the  nature 
of  the  powder  and  the  conditions  of  burning. 

notwithstanding  the  fact  that  ux  in  a variable,  the  integral 
( pdt,  y curves  have  the  form  of  a converging  cluster  at  different 
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Deviation  from  this  las  in  the  lor*  o t diverging  Spdt.f  curves 
for  powders  of  staple  shapes  at  small  values  of  A is  explained  by  the 
change  of  the  burning  rate  Uj  due  to  the  heating  of  powder  layers 
when  burning  is  gradual . 

An  analogous  divergence  of  the  integral  curves  for  progressive 
powders  at  large  values  of  A and  the  apparent  deviation  fro*  the 
u „ u^p  law  is  due  to  the  nonuuiform  pressure  distribution  in  the 
perforations  and  at  the  outside  surface  of  the  powder  which  depends 
on  A . 

This  apparent  deviation  from  the  u - u^p  law  can  be  expressed 
in  a purely  formal  manner  by  means  of  formula  u - A^p  , but  the  law 
governing  the  displacement  of  the  burning  surface  towards  the  center 
of  the  grain  for  each  element  of  the  powder  surface  remains  the  same: 
u - u^p,  where  p may  be  different  at  various  elements  of  the  surface, 
and  u^  may  vary  from  layer  to  layer  and  will  depend  on  the  temperature 
of  the  layer  near  the  burning  surface.  For  powders  with  7 perforations 
v*.  0.80-0.83,  and  the  A coefficient  depends  on  the  nature  of  the 
powder  (contains  nitrogen  and  volatiles)  . 

Conclusions 

The  pyrostatic  relations  and  the  method  of  determining  the  various 
characteristics,  as  outlined  above,  make  it  possible  to  obtain  a 
full  analysis  of  the  ballistic  characteristics  of  powder  and  of  the 
true  law  of  combustion  from  tests  in  a manometric  bomb. 

The  ballistic  chsrsc terist ics  - energy  f and  covolume  a - are 
determined  from  bomb  tests  st  two  or  three  loading  densities  by 
performing  3 to  5 tents  at  each  value  of  A. 
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A correction  for  heat  tr.nsfer  1b  introduced  into  the  test  data 

CP.l-  P.2*  f>  a)  and  the  corrected  ValUCS  °*  f°  *“d  “O  ‘re  deter"lned 


^ ..  at  a nressure  p - 1 is  determined  fro®  the 

The  burning  rate,  u^,  at  a pressu r y 

analysis  of  the  integral  curve  f pdt,v^: 

0 


u - • 


The  true  powder  burning  law  is  characterized  by  the  test  curve 


I dy 

_ i — ~ as 


.hd  by  the  curve  of  pressure  i.pul.e  v.rutlon  $ Pdt  ns  . function 


of  the  burned  portion  of  the  charge  V ■ 

The  burning  rate  la.  in  deter.ined  f roe  the  convergence  or 
divergence  of  the  cluster  of  the  integral  l.y  curve*. 

The  -%  y curve  nets  as  the  analyzer  of  the  processes  occurring 
during  burning  of  powder  and  permits  the  evaluation  of  the  various 
factors  involved  which  could  not  be  disclosed  by  any  other  .ethods 
(the  process  of  gradual  Ignition,  changes  In  the  burning  rate,  effect, 
of  f legmmtizat ion,  etc.). 

In  order  to  evaluate  the  burning  of  powder  in  the  bore  of  a 
barrel  -ben  the  gun  is  fired,  test,  -u.t  be  conducted  in  a bo.b 
at  different  but  constant  loading  densities,  and  a deter.ln.Uon  ..de 
of  the  effect  of  loading  density  on  the  change  in  the  progressive 
of  burning.  A conclusion  can  be  reached  regarding  the  burning  of 
powder  in  the  gun's  bore  at  a variable  voluae  fro.  the  co.p.rison 

and  the  analysis  of  the  obtained  data. 

Thl.  entire  .ethod  of  Investigation  can  be  called  the  -ethod 

of  ballistic  analysis  of  powdera. 
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.. ....  ,b*  ;r 

in  It*  il*»B«i°n*  under  test  con 

powder  cosposltlon  »n  particularly 

. ul  at  powder  manufacturing  plants,  P* 
be  round  very  « ; „beo  performing  bo.b  test,  .nd 

“ •“  .......... — “ ~uia 

cosparing  the  resu  Kl»en  fro-  standard 

persit  establishing  the  deviation  of  the 

..  its  actual  behavior  in  firing, 

samples  and  predicting  its  dlrect 

, -ill  serve  as  an  example  or  u.e 

T“  f°r"Ul‘  Jthe  results  of  ballistic  analysis 

application  to  firing  Pr*CVlC  8 determining  the 

" - rfros  cosparative  bosh  tests  of 

relative  weight  of  a test  speci 

. -n»  - a standard  and  test  specimen, 

two  powder  specimens 

Designating  the  characteristics: 

• f • i ’ . and 

of  the  standard  specimen  - . K 

of  the  test  specimen 


• u>”,  f.  lg- 


aJ 

a/ 


tj  \ 

f ‘k 


iYr i 

1 + H 


„ A.  t.  the  loading  density  of  the  standard  specimen  in  a gun. 

where  A i«  A „ taklns  the 

In  order  to  .wold  the  error,  usually  obtained  in  tahing 

. , until  the  end  of  burning.  It  is  preferable 

complete  Integra  K 0 „ ^ ^ ^ ; by  disregarding  the 

take  the  value,  of  QJ06  p 
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Wheu  ignited,  the  powder  burns  at  first  in  a constant 
until  the  gas  pressure  beco.es  sufficiently  high  to  overco.e  the 
resistance  of  the  rotating  band  and  force  it  into  the  rifling  grooves. 

This  period  of  a shot  .ay  be  considered  as  being  purely 
pyrostattc  in  character,  because  the  powder  burns  in  a constant  volume 

(space) . 

inasmuch  as  the  rifling  is  provided  with  a forcing  cone  at  Its 
start , me  rotating  band  enters  the  grooves  gradually,  and  upon 
attaining  the  full  depth  of  the  thread  its  resistance  undergoes  a 
sudden  drop  and  the  shell  proceeds  through  the  bore  with  the  band 
already  fully  notched. 

The  force n0  necessary  for  notching  the  band  to  the  full  depth 
of  the  grooves  taken  with  relation  to  the  cross-sectional  unit  area 
of  the  bore  s,  t.e.,  n0/s,  is  called  the  pressure  necessary  to 
overco.e  the  Inertia  of  the  projectile'  and  is  designated  as 
2 

• ' | / c n . 

Pressure  p0  -ay  vary  fro.  250  to  500  kg  'cm2  depending  on  the 
design  of  the  rotating  band  and  tbe  rifling  in  the  bore. 

This  period  of  a -hot.  when  the  powder  gases  cogence  to  «ove 
the  projectile  and  overcoat  the  increasing  resistance  of  the  band 
until  the  latter  i.  notched  to  the  full  depth  of  the  grooves  and 
tr...r...  a specified  dietence.  -ay  be  called  the  "forcing  period" 
or  the  period  of  notching  of  the  band.  During  thi.  period  the 
projectile  traverse.  . di.t.nc.  equal  to  that  .ee.ured  fro.  the  initial 
position  of  the  re.r  edge  of  the  rotating  band  to  the  point  st  which 

tb.  rifling  groowe.  attain  their  full  depth. 
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This  period  is  considerably  -ore  co.plex  than  the  pyrostatic 
period  and  is  -ore  difficult  to  analyze.  Inasmuch  as  the  initial 
chamber  dl-enslons  undergo  a very  s-all  change  during  this  dl  P 
of  the  projectile,  both  periods  are  usually  co-bined  into  a single 
preliminary  period  for  the  sake  of  si-plicity,  by  assuming  that  the 
-edging  of  the  band  into  the  rifling  occurs  instantaneously  and  that 
the  movement  of  the  projectile  commences  as  soon  as  the  gas  pressure 
equals  the  pressure  d-e..  the  pressure  to  overco-e  the  inertia 

of  the  projectile). 

m.s  period  is  called  the  preliminary  period-,  the  pressure 
varies  fro-  1 to  pB  and  then  to  Pp  and  the  change  occurs  during  the 

!n  ?ig.  1 this  period  is  depicted  by  the  curve  segment  ab  and 
the  time  t0;  in  fig.  2,  the  element  corresponding  to  it  is  the 
segment  o-p0  on  the  ordinate. 

Methods  are  no-  available  for  the  solution  of  the  problem  of 
interior  ballistics  -hlcb  take  into  consideration  the  gradual 
breaking  in  of  the  rotating  band  into  the  rifling  of  the  bore.  These 

vetbods  will  be  considered  later. 

2.  FIRST  PERIOD 

The  pr.ll.in.ry  period  is  follo-.d  by  the  bs.ic  or  first  period 
of  , shot,  by  the  period  of  burning  of  po.der  and  gas  for-atlon  in 
, variable  sp.ce,  during  -hlcb  the  po.der  .a...  i-p.rt  a velocity  to 
the  projectile  end  thus  perform  the  -ork  at  the  exp—,  of  the  energy 
confined  In  the.  snd  overcow  . eerie,  of  re.ietsnc... 
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This  period,  measured  from  the  start  of  the  projectile  s 
movement  until  the  end  of  powder  burniog  in  the  bore,  when  the  inflow 
of  fresh  gases  stops,  is  the  most  complicated  period:  on  the  one 
hand  the  process  of  burning  and  the  continuous  inflow  of  gases 
increase  the  pressure  inside  the  bore,  whereas  on  the  other  hand  the 
continuous  acceleration  of  the  projectile  and  the  resulting  increase 
of  the  initial  "air  space*'  tend  to  reduce  this  pressure. 

At  the  start  of  the  basic  period,  when  the  velocity  of  the 
projectile  is  still  not  very  high,  the  quantity  of  gases  increases 
at  a greater  rate  than  the  voluae  of  the  initial  air  space,  and  the 
pressure  increases  until  it  reaches  a maximum  value  p*.  Hoeever, 
the  pressure  increase  and  hence  the  increased  acceleration  of  the 
projectile  cause  s rapid  increase  of  the  air  space  (volume)  back  of 
the  projectile,  so  that  notwithstanding  the  continued  burning  of  the 
powder  sod  the  Inflow  of  fresh  gases,  the  pressure  begins  to  drop 
until  it  attains  a value  pg  at  the  end  of  burning;  at  the  sase  tise 
the  velocity  of  the  projectile  Increases  f ros  rero  to  vK.  The 
powder  gases  perfors  aott  of  their  work  during  this  basic  period. 

The  saxisua  gas  pressure  is  also  developed  during  this  period  - 
this  constitutes  one  of  the  fundaaental  ballistic  characteristics 
of  tht  powder  and  the  gun  in  firing. 

The  maximum  pressure  serves  as  the  basic  data  for  establishing 
the  wall  thickness  of  the  gun  barrel  and  the  projectile,  whereas  a 
knowledge  of  the  associated  maximum  acceleration  of  the  projectile 
is  necessary  for  designing  the  inertia  parts  of  time  fuxes  and  firing 
dsvicss . 
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3.  SECOND  PERIOD 

Tb.  inflow  of  f resh  gn.es  -top-  -t  the  end  of  burning  of  tbe 
powder,  but  Inasmuch  n.  the  remaining  gn-e-  -till  po-.es-  a very 
higb  reserve  of  energy,  they  continue  to  expand  without  an  inflow  of 
energy  while  the  projectile  completes  Its  remaining  path  in  the  bore 
(up  to  the  muzzle  face),  and  thus  continue  to  perform  work  and 
increase  tbe  velocity  and  kinetic  energy  of  the  projectile.  This 
period  constitute,  a physical  process  in  which  a definite  quantity  of 
highly  compressed  and  heated  gases  undergo  expansion.  Inasmuch  a. 
the  velocity  of  the  projectile  is  already  high  at  the  end  of  burning 
,nd  continues  to  Increa.e  further,  the  projectile  traverses  the 
remaining  portion  of  It.  path  very  rapidly.  The  ensuing  heat  losses 
through  the  wall-  of  the  gun  barrel  -ay  be  therefore  disregarded  and 
the  entire  period  may  be  con.idered  as  "the  period  of  adiabatic 
expansion  of  the  ga.es."  It  1.  called  the  second  period  and  terminate, 
at  the  instant  the  base  of  the  projectile  passes  the  muzzle  face  of 
the  gun  barrel.  The  pressure  drop.  fro.  PK  to  p0.  whereas  the  velocity 
of  the  projectile  increase,  from  v,  to  vA  C.ee  figs.  1 and  2). 

Both  period,  occur  during  a very  short  period  of  time  - varying 
fro.  0.001  to  0.060  second,  depending  on  the  length  and  caliber  of 

the  gun  barrel. 

If  ve  Introduce  the  designation* . 

■ - cross-sectional  area  of  bore; 

p - gas  pressure  inside  the  bore  at  a given  instant; 

£ - distance  traversed  by  projectile; 
m - Bass  of  projectile; 
v - velocity  of  projectile, 
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then,  according  to  the  general  theory  of  mechanics,  to  wit,  that  tfe® 
increment  of  work  done  by  a force  equals  the  increment  of  kinetic 
energy,"  we  will  have(»): 


PS 


a l - d 


2\ 
**  \ 
2 J 


Integrating,  we  get: 


whence 


s ^ 
o 


The  expression  l 


-:2s  £ pd£. 

V * 0 

Pd£  represents  the  area  confined  between  the 

KJ 

absciss* £ and  the  pressure  curve;  and  inasmuch  as  it  continuously 
Increases,  the  velocity  v will  also  undergo  a continuous  increase, 
whereby  the  nature  of  the  Increase  of  v will  depend  on  the  charac- 
teristic of  the  pressure  curve.  Inasmuch  as  the  pressure,  after 
reaching  a maximum,  undergoes  a continuous  drop,  the  area  increase 
becomes  smaller  and  smaller,  and  the  velocity  increment  of  the 
projectile  gradually  decreases  at  the  end  of  its  travel  through  the 
bore,  i.e.,  the  v,£  curve  becomes  flatter. 


(•)  ps  - the  product  of  pressure  by  the  area  equals  the  force  applied 
to  the  entire  ares  of  the  projectile’s  base. 
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According  to  the  equation  of  the  projectile’s  motion 

dv 


P»  - 


dt 


the  pressure  curve  dravn  to  a specific  scale  gives  the  curve  of  the 
projectile's  accelerations: 


dv  s 

TT  " I 


where  dv^dt  is  the  tangent  of  the  angle  of  inclination  of  the  curve 
representing  the  velocity  of  the  projectile  as  a function  of  time. 

Inasmuch  as  the  pressure  continues  to  increase  until  it  reaches 
its  maximum,  the  velocity  curve  v,  t proceeds  with  an  increasing 
angle  of  inclination  with  its  convex  side  directed  downward.  A point 
of  Inflexion  is  obtained  at  the  point  of  maximum  pressure,  and 
thereafter,  as  the  pressure  decreases,  the  v,  t curve  continues  with 
its  convex  side  directed  upwards: 


i 5 pdt- 

l0 


4.  THIRD  PERIOD 

After  the  projectile  leaves  the  barrel,  the  gases  flowing  behind 
it  with  a high  velocity  continue  to  exert  a pressure  on  the  base  of 
ths  projectile  for  a certain  distance  lD,  and  thus  continue  to 
accelerste  the  projectile.  This  period  of  a shot  Is  called  the  third 
period  or  the  "after-effect  period  of  the  gases.**  The  projectile 

acquires  its  ■ajclaua  velocity  v-ax  at  the  end  of  this  third  perlod- 
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rease  under  the  action  of 


following  which  its  velocity  begins  to  dec 
air  resistance. 

In  addition  to  this  after-effect  action  on  the  projectile,  the 
gases  exert  pressure  also  on  the  gun  barrel;  the  latter  action  plsvs 
un  important  part  in  the  design  of  the  gun  mount,  and  the  fuzes.  The 
duration  of  the  after-effect  of  the  gases  on  the  gun  mount  is 
considerably  longer  than  on  the  projectile. 

In  addition  to  the  Dasic  processes  mentioned  above,  there  is  also 
c series  of  auxiliary  processes  affecting  the  phenomenon  of  a shot. 

Thus,  for  example , the  movement  of  the  projectile  through  the  bore  is 
accompanied  by  a non-uniform  displacement  of  the  gases  in  the  initial 
air  space  and  also  by  the  recoil  of  the  barrel.  The  projectile 
acquires  a rotary  or  spinning  motion  in  addition  to  the  forward  straight- 
line  motion.  Some  of  the  gases  escape  through  the  clearance  between 
the  rotating  band  and  the  rifling  of  the  bore,  thus  overtaking  the 
projectile  without  first  performing  useful  work;  a portion  of  the 
heat  energy  is  spent  on  heating  of  the  barrel  walls  (losses  due  to 
hast  transfer) . 

The  following  basic  processes  and  relationships  can  therefore 
b«  established  on  the  baele  of  the  shot  pbenosenon  discussed  above. 

1)  The  source  of  energy  ia  derived  f ros  the  expanding  gases 
foraed  during  the  burning  of  the  powder,  and  hence  the  laws  of 
gas  formation  constitute  the  basic  relationships  expressing  the  process 
of  burning  of  powder.  The  following  laws  apply  to  the  science  of 
pyroststics : 
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a)  gas  formation  governed  by  the  burned  thickness  of  the  pow 
y-  tf  z(  1 + X z + nz2)  , 


where 


z - — and  y- 

el  *1 


b)  burning  rate 


u - uxp ; 


c)  rate  of  gas  formation 


dy  b ^1  S_  J_  p 

dt  A,  S.  U1P  " S, 


The  following  relations  are  used  in  the  case  of  the  physical 
lav  of  burning:  f-  f(I>  or  1 - F(y),  and  also  dy/dt  - Tp . 

2)  The  gases  formed  during  the  burning  of  povder  contain  a 
large  supply  of  heat  energy;  a portion  of  this  energy  is  transformed 
into  work  when  the  gun  is  fired,  which  work  is  utilised  mainly  to 
impart  kinetic  energy  to  the  projectile,  the  charge  and  the  barrel 
and  partly  to  overcome  parasitic  resistances*  A portion  of  the  heat 
le  absorbed  by  the  vails  of  the  gun  barrel.  A major  part  of  the 
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energy  i.  not  need  up  however,  and  is  ejected  from  the  bore  In  the 
of  very  hot  guei  after  the  projectile  le.vea  the  barrel. 

Inasmuch  a.  a shot  is  accompanied  by  transf creation  of  energy, 
the  first  law  of  ther.odynaa.ics . i.e.,  the  law  of  conservation  of 

energy,  gives  the  second  basic  relationship. 

It  is  written  thus: 

q - U ♦ AIL, 

where  Q - quantity  of  heat  supplied  to  the  system  fro.  the  exterior: 
u - internal  energy  of  powder  gases; 

r,  . total  aaount  of  exterior  work  done  by  gases,  including  the 
work  r“ui red  to  overcome  parasitic  resistances; 

I - E - .ochanical  equivalent,  equal  to  4270  kg  • d./cal. 

A This  fundamental  relationship  is  traaaforaed  in  pyrodynamics 

into  the  so-called  fundamental  equation  of  pyrodynamlcs  (see  below). 

3)  The  next  fundamental  relationship  is  the  equation  depicting 

the  translation  of  the  projectile. 

It  can  be  written  two  ways: 

a)  the  first  form  of  the  equation  of  motion  (Newton's  law) 


ps  - 


.21 

dt 


b)  the  second  fore  of  the  equation  of  eotion 


dr 

sp  - 


there  s - croee-eectional  area  of  the  bore; 
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f 


where  r - distance  Measured  from  the  axis  of  the  projectile  to  the 
center  of  the  driving  edge; 

N - turning  force; 

J - moment  of  Inertia  of  projectile  relative  to  the  axis  of 
rotation ; 

fl  - angular  velocity; 


dfl 

dt 


- angular  acceleration. 


CHAPTER  2 - ENERGY  EQUILIBRIUM  WHEW  A SHOT  IS  FIRED 

When  a shot  is  fired,  a considerable  portion  of  the  energy  developed 
by  the  powder  gases  is  spent  on  performing  work  and  is  converted  into 
kinetic  energy  of  motion  of  the  projectile.  Furthermore,  a part  of 
the  energy  is  expended  on  the  performance  of  other  work  of  lesser 
magnitude  which  must  be  taken  into  consideration,  to  obtain  a full 
analysis  of  the  equilibrium  of  energy  when  a shot  is  fired. 

Say,  a portion  y of  a charge  is  burned  at  the  instant  t,  at 
which  time  a projectile  whose  weight  is  q has  traversed  a distance  X 
with  a velocity  v;  the  temperature  of  the  burning  powder  is  T^.  In- 
asmuch as  the  gases  had  performed  work  at  the  given  instant  and  had 
cooled  off,  we  shall  designate  their  mean  temperature  by  T,  where 
T <TX. 

QS«f  cal  of  heat  are  evolved  during  the  burning  of  kg  of 
powder,  which  quantity  of  heat  is  equivalent  to  work  3 where 

^ . 4270  kg  • dm/cal  - the  mechanical  heat  equivalent. 

If  we  designate  the  mean  heat  capacity  at  constant  volume  for 
temperature  by  oV|#  Q - cgiT^  and 


- ^CjiTiidYkg  • dm. 
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temperature  were  lowered  to  absolute  sero. 

Actually,  this  quantity  of  gas.  having  accomplished  the  work  of 
moving  the  projectile  and  a series  of  other  secondary  items  of  work 
at  the  instant  t.  cools  down  only  to  a certain  temperature  T<T. 
and  hence  continues  to  retain  a supply  of  unexpended  energy  equal  to 

E - Kg  • d®, 

where  c,  is  the  mean  heat  capacity  for  temperature  T. 

Hence  the  energy  expended  at  the  instant  t on  the  performance  of 

external  work  will  be  expressed  by  the  difference 
- E - -)cw ^ V - 

Upon  performing  elementary  transformation,  we  get: 


Y 


i CT?  - T2) 


A + 


•t)  ’!-(*♦  6l)  T i • ” * 

Wycii  - t)  (»  • “”LT~')  ° !,  C,‘T| 


where 


. „ hTl  * X2  is  the  true  heat  capacity  corresponding 
CW  " * j 


to  the  mean  temperature  in  the  interval  between  Tx  and  T. 

When  a shot  is  fired,  the  gas  temperature  varies  fro-  Tx  to 
T corresponding  to  the  instant  the  projectile  passe,  the  face  of 
th.  muzzle . The  temperature  interval  is  the  one  that  is  of  practical 
value  to  interior  ballistic*. 
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r 

* 


Since  the  b coefficient  is  eMail,  the  change  of  | cv  is  seal 

Tl 

and  its  average  value  can  be  considered  to  be  constant  for  the  enti 
process  of  the  projectile's  motion  along  the  bore,  i.e., 

Ta 


c-  - A + b- 


Ti  ♦ T* 


we  shall  designate  It  by  c^  for  short. 


The  graph  in  fig.  87  shows  the  variation  of  c*  with  temperature. 


' (A  + bT)Ti; 

- (a  ♦ (T1  • T> ; 


the  heat  capacity  cw  and  the  quantity  of  heat  Q relate  to  a unit  of 

gas  by  weight. 

This  graph  shows  that  the  heat  quantity  Q corresponding  to  a 
specific  temperature  difference  is  greater  at  high  temperatures 
approaching  T^,  than  at  low  temperatures,  because  of  the  increased  heat 
capacity. 

According  to  the  first  law  of  thermodynamics,  the  energy  balance 
whan  a shot  is  fired  can  be  written  as  follows: 

*c»< *1  - I )->«*»-  lEt. 

vh.r.  Mchulcil  b#*t  .qulr.l.at  (427  kf-i/kctl) 

ri4-  total  amount  of  work  done  by  the  gases  when  a shot  is 

fired,  including  the  work  necessary  to  overcome  parasitic 
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Fig.  87  - The  Dependence  of  Heat  Capacity  of 
Gas  on  Temperature. 

When  a shot  is  fired,  the  energy  confined  in  the  gases  is 
expended  on  the  performance  of  the  following  forms  of  work: 

1)  Energy  E \ for  the  translation  of  the  projectile,  measured  by 
the  magnitude  of  the  kinetic  energy  mv2/2,  is  the  basic  form  of  energy 
expended  during  the  movement  of  the  projectile  through  the  bore  of 
the  gun. 

2)  Energy  E2  1®  expended  on  the  rotary  motion  of  the  projectile. 

3)  Energy  E3  is  expended  to  overcome  the  frictional  resistance 
between  the  rotating  band  of  the  projectile  and  the  walls  of  the  bore 
(bore  + rifling  grooves),  and  also  for  overcoming  the  friction  between 
the  walls  of  the  projectile  and  the  lands  (of  the  rifling). 

4)  Energy  is  expended  on  the  displacement  of  the  gases  of 
the  charge  Itself  and  of  the  unburned  portion  of  powder. 

5)  Energy  Eg  is  expended  on  the  displacement  of  the  recoiling 
parts  and  is  measured  by  their  kinetic  energy  MY^/2. 

6)  Energy  Eg  is  used  to  force  the  rotating  band  of  the  projectile 
into  the  rifling  grooves. 
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7)  Energy  Ey  is  expended  for  heating  the  vails  of  the  barrel, 
shell  case  and  shell  when  the  gun  is  fired  - energy  lost  on  heat 
transfer . 

8)  Energy  Eg  is  confined  in  the  gases  escaping  through  the 
clearances  between  the  rotating  band  and  the  walls  of  the  barrel. 

9)  Energy  Eg  is  expended  on  overcooiug  the  air  resistance  and  on 
the  displacement  of  the  air  column  present  in  the  bore  ahead  of  the 
projec  t ile . 

Of  the  above  nine  forms  of  expended  energy,  the  first  five  must 
be  accounted  for  directly.  Eg  is  accounted  for  directly  or  indirectly; 

E7  is  a form  of  heat  energy  which  cannot  be  easily  determined,  and 
is  accounted  for  indirectly  for  lack  of  a sufficiently  satisfactory 
theory  and  test  data  to  permit  determining  the  heat  lost  to  the  walls 
of  the  barrel.  The  quantity  of  gas  escaping  through  the  clearances 
formed  between  the  rotating  band  and  the  walls  of  the  bore  cannot  be 
computed  and  has  a random  value;  therefore,  energy  Eg  corresponding  to 
it  is  not  taken  into  consideration.  This  applies  also  to  energy  Eg 
which  is  small  in  comparison  with  the  other  energy  values. 

The  secondary  work  items  will  be  discussed  later.  We  shall  note 
here  (without  offering  proof)  that  E2,  E3,  E4,  E5  are  proportional 
to  the  main  form  of  the  work  done  by  the  powder  gases,  i.e.,  E^  - *y2/2. 
Hence,  if  each  of  these  four  forms  of  work  is  represented  in  the 
for* 


Ei  * ki= 
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expend’d  energ?  accounted  for  directly  can  be  expressed 


in  the  form: 


5 

I El 


5 »v2 

) w 

x 1 2 


BV 

2 


- (1  + k » ♦ k 3 ♦ k 4 * k 5 ) • 


The  SUB  of  the  coefficients  in  this  expression  Is  denoted  byvf: 
v^>-  1 ♦ k2  ♦ k3  ♦ k4  4 k 5 * 

The  ^coefficient  takes  into  account  the  secondary  work  ite.s, 
and  its  nu.erlcal  value  for  conventional  type  weapons  varies  between 
1.05  and  1.20  depending  on  the  loading  conditions,  and  way  exceed  these 

values. 

Thus,  assuming  that  the  expended  values  of  energies  Eb  and  E7 
will  be  accounted  for  indirectly,  the  equation  of  energy  balance 
during  a shot  will  have  the  following  fora: 

icwTi ^ 2 

This  equation  shows  that  the  difference  between  two  theresl 
condition,  of  the  powder  g.ee.  ha.  beco.e  converted  into  a su.  of 
external  work  ite..,  where  all  the  secondary  work  lte.s  are  taken 
care  of  by  the  coefficient  * > 1 . If  thi.  coefficient  referred  only 
to  the  ....  rather  than  to  the  entire  kinetic  energy  mr2/2.  w. 
could  aa.un.  that  the  work  i.  p.rfor..d  by  the  ga...  for  the  purpo.e 
of  imparting  translation  with  the  ....  velocity  v to  a heavier 

proj+ctllm  of 
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Thus,  by  introducing  the  coefficient^,  the  actual  motion  of 
the  projectile  -1th  the  secondary  -or*  done  by  the  gases  taken  into 
consideration,  is  replaced  by  a condition  involving  only  the  trans- 
ition -ith  the  same  velocity  of  a heavier  projectile  having  a fictitious 
mass  m ( * ) • The  energy  expended  thereby  remains  the  same.  Coefficient 
vf is  called  the  •fictitious  mass  coefficient.” 

The  introduction  of  this  fictitious  magnitude  helps  to  simplify 
without  the  introduction  of  an  appreciable  error  calculations  involving 

complex  formulas. 

It  would  be  more  correct  to  call  tf  the  ■secondary  work  coefficient,' 
because  this  value  depicts  the  relationship  between  the  main  and 
secondary  work  items  (-here  the  main  work  is  taken  to  be  equal  to 

unity)  . 

Derivation  of  the  Fundamental  Equation  of  Pyrodynamics 
The  energy  balance  equation  depicts  the  relationship  between  the 
burned  portion  of  the  charge  velocity  of  the  projectile  v.  and 

the  temperature  of  the  gases  formed  at  the  given  instant  in  the 
initial  air  space.  Neither  the  length  of  travel  t of  the  projectile, 
nor  the  ga.  pressure  p enters  this  equation.  Nevertheless  the 
basic  problem  of  pyrodynamics  is  that  of  finding  the  relation  between 
the  distance  % traversed  by  the  projectile,  its  velocity  v and  pressure 

(•)  The  concept  °r  a flc“2vLgKlTK*POROKHOVTEH<1GAZOV  V KAMALE  3-DM 

Bor,  o,  . 3-loch  Coio.) . 
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, .......  „ ... “a  *“  ;h"  7. 

... ...... .......  ««.**•»  “•*  - tio„d 

mr*  Hon  between  the  above-mentioned 

„nB.r  that  it  would  depict  the  connection 

values  p,  v and  t. 

Se  know  fros  tbersodynamics  that 

H 

c„  * cw  " AR  * V 


whence 


Rc- 


cp  - c. 


H- 1 


if 


where  R - conetant ; 

c /c  - k - heat  capacities  ratio  (adiabatic  index). 

v w ^ *i«d1 lc 1 ty  the  denotation 

we  shall  introduce  for  the  sake  of  si.pUci  y 

k - 1 - 0;  then: 


- 


• - 


h2  + bT  - AX  - bT 

wm 


w — 

......  *1  «•  * ’l” 
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correspond  to  the  mean  temperature  Tcp  - Tl  * Th 
value  of  c^:  2 


and  the  corresponding 


O'  - 


Then 


Aj  ♦ bIi.fT  A + BTcp 


3c1  - 


Substituting  this  expression  In  the  energy  balance  equation,  *e 
Will  get: 


~ TlU>r  - — - t^.  i"  v 2 . 

0 0 2 


In  order  to  exclude  fro.  this  equation  the  variable  T,  we  shall 
replace  the  expression  BTto*  using  a.  the  basis  the  equation  depicting 
the  condition  of  the  ga.  powders  at  the  given  instant,  corresponding 
to  the  burned  portion  of  the  charge  * : 


pw  - KTwf, 

where  » is  the  free  .p,c.  in  the  initial  air  space  (back  of  the 
projectile)  at  the  given  Instant: 


(51) 


■ - w0  + ml  - a*Y-  J4i(i  -«*»>-■*  + .1; 
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_ lhe  instant  the  portion 

free  space  in  ih*  powder  cbamb 
here  »T  - *p*h“Pchmrg,  y 1.  burned  in  it; 

. cross-sectional  area  of  the  barrel; 

' ^ tile  had  traversed  the  distanced. 

■*-  - — *■ — 

,b.  .... .... — *•  --  •«  r°r  - 

"8  „ 8 formation  and  continuously  chanRinK 

condition,  of  a continuous  .«  for.  „ lh.t 

gas  pressure  and  the  space  occupied  by  the.. 


RT1  " f> 


we  ge t : 


©’ 


. V 


p(*y 


b i) 


2 


(52) 




. the  eouation  of  energy  balance. 

.1. ........ • - — •*  a 

when  their  tewperature  is  lowered 

of  the  powder  gase* 

energy  <u  Y heat  capacity  are  c, 

, O T°  If  the  assuaed  wean  v»i 

fros  Tx°  io  T , the  total  external 

„ s'  Tb.  right  part  of  the  equation  represents 

,nd  6 . in.t,»t  due  to  th.  ch^gc 

work  done  by  the  powder  gases  at 

of  their  thermal  cooditios.  ln  unlt.  of  work 

All  the  terms  of  the  equation  are  exp 

^ Tbl.  squat  Ion  i.  can-  at  time,  the  -equivalence 

x . .•  “ ... 

l.m-"  * “ 

...  ...  .■  «“ 
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p(Wy 


+ si)  - i“>*  - -^"V»v2 


or,  replacing  by  af^,.  »°  wil1 

e 


>( iw  + l)  - 


Y ® V * 


(53) 


also  known  as  the  Resal  equation,  first  developed 
This  equation  is  also  known 

1MB4  Hereafter  we  shall  consider  the  value 
by  tbe  author  in  1*«»4.  Here.  value 


by  thC  * nd  lB  t he  fundamental  equation  as  a value 

» the  balance  equation  and  in  ^ + ^ lt8 


corresponding  to  the  -can  value  of  Tcp  - 


lndex.  The  subject  equation  contains  the  following  variables  . 

Prl**  ele.ents  of  burning  of  powder  and  of  the  projectile 

characterizing  the  ele.ent.  pressure  p>  th. 

.otion:  the  burned  portion  of  the  ch.rg  f . 

_ e » r *v#l  and  its  velocity  v. 

length  of  projectile  s ' en  lnstant 

The  length  if  of  the  free  space  in  the  chamber  ,1  a give 

The  lengm*y  H _ MV1*e 

. actually  f 1*  the  independent  variable, 

is  a function  of  V • Actually,  Y 

tlM  .otion  to  the  charge -project He -barrel  sy.te. 
the  pressure  isparting 

>■  — - - 

r~:  - - — — - 

"'““11  ‘ZZZ  Z'ZZ  *■  -• 

„ - « •»« - " •“  •'“•“i 

O,  .otion  of  th.  flr.t  n»d  .^o.d  for« 


>l  °D  1.  determined  fro.  ^ustlon  (5*)  , « M h»": 

II  pressure  p !•  aeter»i  2*1 
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foov* 


0 9 



2 


p 


si 


In  pyrostatics  me  had  the  following  expression  for  depicting 
pressure  at  a given  instant: 


p - 


I nasnucb  as  in  the  numerator  of  the  first  loraula  a value  is 

2 


substracted  fro.  fu,y  proport  lonal  to  the  work  , and  in  the 

deno.inator  the  volu.e  of  the  bore  corresponding  to  the  distanced 


traversed  by  the  projectile  Is  added  to  the  free  space  of  the  chamber. 
It  beco.es  entirely  clear  that  at  the  sa.e  loading  conditions"  the 
pressure  in  the  barrel,  -bile  the  projectile  is  in  motion  and  while 
the  work  is  performed  by  the  gases,  -111  be  smaller  than  when  the 
powder  Is  burned  at  constant  volume. 

CHAPTER  3 - IKVESTIGATION  OF  THE  FUHDAltEHTAL  RELATIONS 
1.  THE  BASIC  ENERGY  CHARACTERISTICS 
The  energy  equillbriu.  equation  is  valid  with  regard  to  both  the 
first  and  the  second  period  when  the  charge  is  already  fully  burned, 
when  - 1 and  when  the  gases  expand  adlabat leal ly . In  such  a case 
only  the  two  variables  T and  v enter  into  the  equation. 


fU9 

0 


RT« 

0 


2 
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(54) 


The  left  side  of  the  equation  represent*  the  total  exterior 
done  by  the  powder  gases  when  a shot  is  fired;  it  increases  with 
decrease  of  temperature  T and  would  have  attained  a maximum  value, 
were  it  possible  to  cool  the  powder  gases  at  firing  to  T - 0 , - a 

condition  impossible  in  actual  practice  because  It  would  correspond  to 

ta  efficiency  equ»l  to  unity. 

Nevertheless,  If  we  assume  in  equation  T - 0,  -e  will  get 


vnp 


(&5) 


l.e.,  the  maximum  amount  of  worK  performed  by  u,  hg  of  powder  gases  if 
.11  the  energy  confined  In  them  -ere  utilized,  i-e.,  if  the  gases  were 

cooled  to  absolute  aero. 


fa 3 


:>  abaoiuie  teiv. 

may  be  called  the  "full  supply  of  energy"  confined  in  g 

. a a w.  Ur  tile  (•  Vi  » ) 


Of  powder,  and  the  velocity  of  the  projectile  vnp  (-  vliBlt 
corresponding  to  the  full  utilisation  of  energy  - the  limiting  or 

mmximum  projectile  velocity. 

The  full  supply  of  energy  of  one  *g  of  po.d.r  gas  -HI  be 
expressed  by  the  formula 

1.  - i-. 

e 

This  value  1.  c.ll.d  at  time,  the  powder  -potential."  Although 
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, _ . _ 0 theoretical  meaning  only, 

the  above  limiting  expression  for  II  has  a theoreti 

. h.  cooled  to  absolute  aero  when 
because  is  practice  the  gases  c.uaot  be  cooled 

a shot  is  fired,  nevertheless  it  shoes  that  the  -orhing 

poeder  gases  can  be  increased  either  by  inc re.sing  the  force  (energy) 

f _ paWl  T , or  by  decreasing  the  value  ol  « - 1' 

273  1 . .reased  by  increasing  the 

The  energy  of  the  po.der  can  be  increased 

specific  volume  of  the  po.der  gases  a,  (under  normal  conditions),  or 

bv  elevating  the  burning  temperature  of  the  po.der  Ty. 

' above.  0 depends  on  t be  composition  and  temperature 

, value  .ith  increase  of  temperature  and 

of  the  gases:  it  decreases  in  value 

increases  .hen  the  latter  is  decreased. 

Hence  a po.der  .ith  a higher  burning  temperature  .ill  possess 

. greater  supply  of  .orh  not  only  because  of  energy  f,  but  also  because 

of  the  smaller  value  of  0. 

Inasmuch  as  the  gas  temperature  drops  from  T,  to  X,  -hen  a 
shot  is  fired  (which  corresponds  to  the  projectile  s passing 
the  muzzle  face),  the  value  of  0 changes.  -.ever,  this  change  . 
quite  small  and  is  usually  considered  to  be  a constant  e.u.l 
v.lu.  of  tb.  given  temperature  interval.  The  value  of  0 can  he 

fron  the  following  forwula: 


9 - ^ 


- c«  A1  - A2 


♦ B]T  A + BT 


where 


A - 


a2 


and  B - 


Ai  “ *2 
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, . of  5 ca„  be  found  by  mean.  of  the  fol losing 
The  tverx<  v**ue  ot  0 ca 

* 

formula : 


0 - 


(T 


i r dT  = f — 

T^~r  \1  A * BT  T - Ti  T\  a2  " B1T 

A2  ♦ B i_T  l 

2.303CAl  - A2)  1o«  a2  *■  B1T 

Bl<Tl  " J) 

The  variation  of  5 for  pyroxylin  po-der  mitb  temperature  m 
given  in  table  20  ^ 12_7- 

Table  20 


T°*  I 2700 


0.90 


5 


0.185 


2430 


0.80  i 0.70 


2160 


0.190  1 0.196 


1890 


0.202 


0 . 10 


1620 


1350  I 270 


0.208 


0.215  | 0. 


252 


Inasmuch  a.  ^ i.  u.u.l  1 y - 0 . 70 , 0 approaches  the  value  of  0.2. 

In  - -.-a  ulid  for  nolvlng  the  fundamental  problem  of 

py rodynamlcs  the  value  of  . 1.  con.lder.d  to  be  e„u.l  to, 

^ correct  to  use  different  values  of  « 

lt  mould  have  been  correct 

retlcally  It  mo  for  the  flr.t 

the  first  and  second  periods:  a smalie 

\ d mhl”  the  .....  -ve  — ne  little  cooling,  and  a higher 

P#r  ° d period  at  -hlch  time  the  .*•••  *>*<*  und'r«°M  * 

valo*  for  tho  ••cond  poriod 

greater  amount  of  cool In*.  B 

„ ._ld  ..  «... .... **■  *' 

Aa  vary  coa.idT.bly  mltb  dlff.rent  author.,  and  tbi.  dlacrspaacy 
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• ay  affect  the  value  of  Ti  as  well  as  the  value  of  9.  Furthermore, 
the  heat  capacity  values  are  expressed  by  more  complex  relationships 
than  a linear  one. 

According  to  the  latest  data,  these  relationships  deviate  from 
a linear  one  in  the  low  temperature  range;  in  the  range  of  3000°  to 
1500-2000°  the  relationship  Cw , t approaches  a linear  one  even  according 
to  these  da  tai* ) . 

Solving  equation  (55)  with  respect  to  vn ^ , we  shall  find  an 
expression  for  the  so-called  "maximum  or  limiting  projectile  velocity”: 

(56) 


V - /!_  L v . /If  £_  » 

rP  Me-  N«  Q 


As  was  mentioned  above,  the  maximum  velocity  of  the  projectile 
corresponds  to  the  full  utilization  of  the  energy  and  an  efficiency 
equal  to  unity.  Although  this  value  cannot  be  attained  in  practice,  it 
enters  as  s factor  into  the  formulas  for  the  projectile  velocity  v 
of  both  tbe  first  and  the  second  periods,  and  the  true  projectile 


velocity  usually  Increases  with  increase  of  vn 


An  analysis  of 


formula  (56)  will  show  that  the  Increase  of  v_  depends  on  the  supply 

up 

of  powder  energy  f/9  and  on  the  relative  weight  of  the  charge  w/q 
with  respect  to  the  weight  of  the  projectile  q:  it  decreases  with 
the  Increase  of ^ . Although  the  concept  of  maximum  velocity  can 
be  obtained  by  assuming  that  T • 0 in  the  energy  equilibrium  equation. 


(•)  A.*.  Litvin,  "TEKHVICHISKAYA  TK&MODIHAHIKA”  (Technical  Thermo- 
dynamics), 1947. 
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fist 


. v to  actual  practice# 

~ — 

q ranee,  because 

x rather  than  in  the  Tx,  . 

rr:.i« .... — — — *•  -rr”:.r 

temperature  In  the  first  and  second  periods  doe 
vnp.  the  gaa  1-uni  velocity  is  a conditional 

, K-lo-  T thus  the  concept  of  maxiBu. 

drop  below  TA-  tbe  practical  value 

-i-i  wa  nrP  aDU  rop  r 1 a t e to  call 
one,  and  it  would  be  -ore  approp 

- th_  _,x1bub  (or  limiting)  velocity." 

. „ ... ....  — *•  — - — - -7 

„ .tn .. ..... .... ...  •—  -p  ‘°"ra*  , 

//<*'  ,4  infinity  even  when  the  ratio  of 

definite  value,  rather  than  towards 

s/q  is  increased  indefinitely- 

........or'  - 

„ ...  p.«..  *“  *”r‘’  ‘ 

given  povdtr  chirg® • , 

g , ...  ,jktof  gas  IS  measured  by  the 

The  useful  work  performed  by  u)  kg  o g 

....... ...... »i- 


passes  the  muzzle  face 
the  projectile). 

Denoting  the  efficiency  by . »e  get 

..2 


, where  vft  is  the  muzzle  velocity  of 


- th«  value  of  r-  varies  between 
IS  tbs  case  ot  ordinary  ••»!*>“•  *b«  val  » 

0.20  and  0.33- 


297 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Certain  author.  Incorporate  into  the  efficiency  expreesion  the 
coefficient  of  the  flctitiou.  -a*.  which  take,  into  account  the 
auxiliary  work  it ewe.  Thus 


fm\/2 

fu//0 


nP 


Comparing  it  with  formula  (54),  we  will  see  that 


- 1 - 


But 


T1  - T 


ie  ’the  coefficient  of  the  Carnot  cycle  performed  by  an 


ideal  *»•"<•),  and  would  have  represented  the  actual  efficiency  of 
the  cycle  in  the  ab.ence  of  auxiliary  or  secondary  work  done  by  the 
gasea  and  in  the  ab.ence  of  parasitic  resistance,  which  the  gases 
.ust  overcone . Therefore,  in  order  to  correctly  depict  the  efficiency 
of  the  powder  in  a weapon,  <f  .hould  not  be  included  in  the  efficiency 

expression • 

The  rj  value  i.  of  great  importance  in  the  theory  of  ballistic, 
developed  in  the  USSR,  bec.u.e  it  take,  into  account  the  totality 
of  the  work  dons  by  the  powder  gases  in  the  weapon. 

In  eome  textbook,  the  full  a«>unt  of  work  1.  expre.aed  by 


(•)  O.D.  Khvolaon,  "KDRS  FIZIE1"  (A  Course  in  Phy.lc.) , Vol . II, 
p.  451,  ISIS. 
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. Hut  jq  J.  f/o  because  Q is  the  quantity  of 

the  magai tude  11  - tq . But  ' ' 

heat  determined  experimentally  in  a calorimetric  bomb  .hen  the  gas  of 
the  burned  po.der  is  cooled  from  the  burning  temperature  do.n  to 
t - 15°C  (or  2B8°K'>  • The  magnitude  is  the  work  the  gases  would  be 

.....  ..  "”d" 
Tj  to  0°  rather  than  to  2B8°K . 

Hence  the  relation  between  KO  and 

f ormu  L a : 


»ill  be  expressed  oy  the 


- - T (‘  '$■ 


l.e.,  KQ  is  about  I0*t  smaller  than 


JL.  because  T,  - 27oO-2hOO°K. 


..  ...  «'  >«  “ ‘*  1-p°r,‘“' 
to  know  whether  same  is  taken  with  respect  to  — Cm  which  case 
lt  win  he  sail  ler  > or  with  respect  to  (m  which  case  the  efficiency 

will  be  greater) . 

# . ...  i i lration  of  a unit  of  charge 

"The  coefficient  expressing  the  utilization  oi 

. -uiz le  energv  of  the  projectile 

X^by  weight"  is  expressed  by  the  muxzie  en  g. 

per  unit  weight  of  charge^: 


. »V 

v — 


ri 


kg  • dm  'kg  . 


2W 


Thl.  value  for  specific  gun  sppro.che.  . constant,  sad 

depends  -.1-1,  oa  th.  rel.tiv.  l.agth  of  the  gua,  the  po.der  thickaes. 
th.  point  st  which  It  1.  bura.d  (buralag  loc.tioa)  . 
ror  short-b.rr.lsd.  --dlu-c.l Iber  gua..  1,200.000-1.400.000 

. d./k«  or  120-140  ton  - -/kg;  *°r  mmmll  »«•>  V>"  100-110  toa  • -/kg 
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For  fully  charged  hovittcrs  150—160  ton  • »/kg;  ^^decreased 

with  the  decrease  of  the  charge.  As  the  muzzle  velocity  of  high- 
pover  artillery  units  is  increased,  the  relative  weight  of  the  charge 
ai/q  mu8t  increase  also  and  with  it  the  relative  work  necessary  for 
displacing  the  charge  Itself  (gases  and  powder);  as  a result,  the 
relative  useful  work  done  in  such  guns  becon.es  decreased  ana  the 
value  of  ^drops  to  90  ton  • m 'kg  and  lower. 

The  value  of  ^ can  be  used  for  the  approximate  computation  of  the 
weight  of  charge  O necessary  for  imparting  a given  muzzle  velocit> 
vA  to  a projectile  of  a giver,  weight  (mass)  q: 

2 

tv  A 

cO-  — : V- 


v>  and  r-  are  linked  by  the  simple  relation: 

** 

f 

r-  - Y*  : * 


In  certain  applications  of  interior  ballistics  of  great  Importance 

is  the  ratio  between  the  mean  pressure  pcp  at  a given  point  of  the 

projectile’s  travel  and  the  maximum  pressure  pfc  in  the  bore  of  the 

Pep 

barrel  ( - ) - 

1 Pm 

The  average  pressure  during  the  period  of  time  it  takes  the 
projectile  to  move  from  0 to  A-X^is 

P, 


V 


Kcpj 

P. 
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t 


If  after  passing  point  pffi  (fig.  88, b)  one  pressure  curve  1 

proceeds  above  the  other  curve  2,  this  condition  indicates  that  the 

Pep 

mean  pressure  and  the  ratio  for  the  first  curve  are  likewise 

Pa 

greater  than  for  the  second  curve. 

And  inasmuch  as  curve  1 points  at  more  progressive  burning  than 
curve  2,  the  coefficient  also  serves  to  depict  the  p rog  ress  l v l t y 
of  burning:  the  greater  the  value  of  , the  ,aore  progressive  is  the 
burn i ng  of  the  powder  in  the  bore  of  the  barrel • 

Inasmuch  as  the  characteristic  >jA  ol  the  p rog  ress  l v i t y of  burning 
ff.ust  be  known  under  certain  conditions  oi  firing,  and  only  and  \A 

can  be  determined  by  test  when  s,  q and  are  known,  whereas  the 

change  of  pressure  p with  reference  to  ^ is  often  unknown,  pCp  and 
then  are  computed  on  the  basis  of  the  following  considerations. 

It  is  known  that  the  work  done  by  gases  along  the  path  equals 


0 


on  the  other  hand. 
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Pep. A " 


«f»vj 

2st„ 


_ Pep.* * 


2*V« 


*fmvg 

2waPu 


Inasmuch  as  the  denominator  in  the  expression  for  includes 
the  swept  volume  of  the  bore  is  often  called  the  u lllzation 

coefficient  of  the  swept  volume  of  the  bore.’’ 

Thus,  in  order  to  determine  ^when  a gun  is  fired,  it  is 
sufficient  to  know;  the  muzzle  velocity  of  the  projectile  v^,  the 
maximum  gas  pressure  pB , the  weight  of  the  projectile,  the  cross- 
sectional  area  of  the  bore  s,  and  the  full  length  of  travel  of  the 
projectile  through  the  bore  of  the  gun. 

For  cannons,  the  value  of  ^varies  within  the  limits  of  0.40  and 

0.65. 

^ ratio  can  also  be  interpreted  in  a different  manner.  If 
we  divide  each  term  of  the  equation  by  at.  p , 


Vis 


•i  •{• 


pdt 


pd£ 


J lP»  *P  mtji 


where  the  right  part  represents  the  ratio  of  the  area  bounded  by  the 
true  pressure  curve  and  the  x-axls  along  the  path  i^to  the  area  of  a 
rectangle  of  height  pu  and  base  . This  ratio  will  thus  show  the 
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I 


portion  of  the  actual  work  done  by  the  gases  compared  with  the  work 
done  under  Idea!  conditions  if  the  pressure  along  the  entire  pathi?* 
were  equal  to  the  -axi.ua.  pressure  p.,  (fig-  89).  ^ reason^ 

13  often  called  the  coefficient  of  area  closure  on  the  indicator  p, 

2-  diagram  . " 

The  following  characteristic  can  be  introduced  into  the  charac- 
teristic depicting  the  utilization  of  the  entire  barrel  space, 
including  the  powder  eh amber  space: 


2s c £ ♦ C*  >IV  2*khp» 


which  nay  be  ca 


iled  the  •‘coefficient  of  ballistic  utilization  of  the 


entire  bore  space.’ 

It  can  be  easily  seen  that 


Ri  ■ '■'a  : L * t.  " 


Fif.  89  - Utilisation  of  the 
Srtpt  Volume  of  the  Bore. 


Fig.  90  - Utilization  of  the 
Entire  Bore  Space. 
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Graphically  R^  determines  the  ratio  between  the  area  bounded  by 
the  true  pressure  curve  and  the  area  of  a rectangle  of  height  pB  and 
base  or  W0  + (fig»  90). 


2 . THE  DEPENDENCE  OF  PRESSURE  CHANGE  OF  POWDER 
GASES  IN  THE  GUN  BARREL  ON  THE  CONDITIONS  OF 
LOADING 


Using  the  pressure  formula  from  the  f undamen t a 1 equation  of 
pyrodynamics  (53) 


45  v2 
2 s 

t X* 


let  us  investigate  the  change  of  pressure  with  relation  to  time  and 
the  path  traversed  by  the  projectile.  To  do  so,  we  shall  find  the 
derivatives 

dp 


dp  dpdt  1 dp 

dt  and  5 “ dtHZ  "7dT 


Differentiating  p with  respect  to  t,  we  get 


- V IS  - p 

^ dJt>\ 

sdt 

s dt  V ' 

^dt 

dty 
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Therefore  the  rate  of  pressure  increase  at  the  start  of  notion 

is  proportional  to  the  wedging  pressure  pQ,  the  powder  energy  f,  the 

S i ^ 

weight  of  the  charge  u>,  the  exposed  area  of  the  powder  ~ ~ » the 

rate  of  powder  burning  a t p - 1 , i .e  . , uj  , and  inversely  proportional 

to  the  free  space  of  the  powder  chamber  at  the  instant  wedging 

'0 

occurs.  Inasmuch  as  the  exposed  area  of  the  powder  is  inversely 

proportional  to  the  thickness  of  the  powder,  ^ ^ ^ is  likewise  inversely 

proportional  to  the  powder  thickness  et . The  first  term  in  parentheses 

in  formula  (57)  also  depends  on  these  magnitudes,  which  term  expresses 

the  intensity  of  energy  developed  by  the  powder  gases. 

S ^ 

If  we  replace  by  - r0  * *e  wl11  obtalD  tbe  additional 

condition  where  J Q ls  Pr°P°rt  i ona  1 to  ro  for  ^ " 't'o'  “nd  since 

we  had  seen  in  our  analysis  of  the  physical  law  of  burning  that  the 
outer  layers  of  pyroxylin  powders  have  an  accelerated  rate  of 
burning  ( P develops  ballooning),  the  pressure  increase  in  this  case 
will  also  be  more  intense  than  In  the  case  of  uniform  burning 
assumed  in  the  theoretical  law. 

Hence,  all  other  conditions  being  equal,  the  pressure  curve  p,  t 
in  tbe  case  of  the  physical  law  of  burning  must  proceed  in  the  diagram 
above  tbe  corresponding  p(  t curve  representing  the  theoretical  law. 

Formula  (57)  gives  tbe  tangent  of  the  angle  of  inclination  of 
tbe  pressure  curve  as  a function  of  time.  At  tbe  start  of  sotlon  the 
tangent  of  tbe  angle  has  s specific  limiting  value  depending  on 
certain  loading  conditions  (fig.  91, a);  it  becomes  tero  only  when 
Pq  • 0.  In  this  cas#  the  pressure  curve  as  a function  of  time  is 
tsngsnt  to  tbs  K-axis  (fig.  91, b).  This  condition  ls  not  encountered 
in  af tmsl  practice . 
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The  nature  of  pressure  increase  as  a function  of  path  £ is 
expressed  by  the  following  formula; 
dp  1 dp 


i 


dt 


dt 


(•fy  + C ) i 


± 1.  k : -E-  )- 
IK  v \ *J1  ' 


(1 


9) 


(59 


FIR.  91 

Left:  p,  t curve  at  P0  >0;  right:  p.  t curve 

at  P0  - 0. 

At  the  start  of  motion  p - i’O'  ^ " O,  v — O,  tP  ^0'  * 

and  inasmuch  as  the  first  term  in  parenthesis  is  reduced  to  infinity 


Therefore,  the  ordinate  It  tangent  to  the  p,  t curve  at 
start  of  wot  ion  (fig.  92)  . 


Fla.  92  - p,  ^ curve ; the  p-axie  is  tangent  to 
* , £ curve  at  the  start  of  aotlon. 
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dp  or  must  be  reduced  to 

in  order  to  obtain  .«!-»-  PrM9“"'  ft  di 

In  order  obtained  has  the  lorn: 

aero.  Hence  the  condition  at  *hlch  Pm 


, “i  i 

s IK 


(1  + 0)  - 0 , 


.».«  ...  . ~ * " 

- r ^ ('  * i 


where 


f *■  * 


~u,  <* 


1 m ‘ 


that  the  pressure  must  remain 

If  the  requirements  are  su  a maximum  value, 

period  of  time  after  attaining 

constant  for  a c fied  by  a change  in  surface 

........ .. •»“»  “ *“ 


res  6 or  by  a change  in  the  burning  rate  i 

0)  vs  . 


(1 


- r;::r.r.,r.rr" 

In  order  to  -alnt.  neCe...r,  that  the 

tile’s  path  in  ttas  bore,  n 

portion  of  tb  P po,der  or  the  burning  rat.  Ul  change  In 

surf  nee  are*  or  that  the  energy  lnpsrted 

proportion  to  the  projectile  velocity  . 
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by  the  powder  gases  at  p - Hf-O  be  proportional  to  the  rate  of 
volume  change  in  the  bore  when  the  projectile  is  in  motion 


The  pressure 


( sdt  dw\ 

* dt  " c 11/ 


decreases  after  pass 


point  pB.,  the  expression  in 


dp  ^ n 

parenthesis  becomes  negative, 


For  the  end  of  burning  3 


t if  - 1,  we  get 


(dp\  P*  f Ij*  * Ck  [ 1 , (q  - - U*  e>vK  1 

WK  * 1*  l 8 in  l V ' ) 


(•) 


Upon  entering  the  second  period  the  pressure  equation  takes  on 
the  for* 

. 

P » ♦ t 

Differentiating,  we  get: 

— - -( i * f.  - -O  + e)I7TT 

dt  ii  +£  dt  *i  * 

for  thw  start  of  the  second  period 

(*)  - “ ♦ •' 


V1EI_;  (^\  - -<i  + 6)7-^- 


’ (0) 


+ ir 


Comparing  this  expression  with  (•),  we  note  that  at  the  instant 
eg  transition  from  the  first  psriod  to  the  second,  the  derivatives 

dp/dt  and  dp/di-  undergo  a drastic  change  (a  jump),  the  pressure  curve 
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im 


suffer.  . break.  and  the  absolute  value  of  the  angle  of  xnclination 
increase,  because  of  the  dl» appearance  of  the  first  tern  m brace, 
in  expression^  > - 

Thereafter  the  angle  of  inclination  of  the  p.  t and  p , l curves 
heco.es  ...Her,  because  p decreases  and  ^ .X  increases;  at  the 
instant  of  the  projectiles  departure  fro.  the  bore: 


ip\  _ _(l  , e)  -2*^* — ; (-P; 

n)K  u «i  + \?i, 


- -(1  + 0) 


*1 


, tut  FKFECT  OF  DIMENSIONS  AND  SHAPE  OF  POWDER 
On't^^AS  PRESSURE  AND  PROJECTILE  VELOCITY  CURVES 

An  analysis  of  for-ulas  (57)  and  (50)  -HI  sbo.  that  the  pressure 

Increase  with  respect  to  ti.e  and  as  a function  o,  the  path  traversed 

by  the  projectile  In  the  bore  ..inly  depends  on  the  ter.  in  brackets 

fwP_  fMiUl*.hich.  for  a given  powder  energy  f.  depends  on  the 

product  'r.r  being  the  intensity  of  gas  for.atlon  at  p - 1- 

By  changing  the  shape  and  di.ensions  of  the  powder,  the  .agnitude 

. !i<J,  which  we  shall  denote  by  1 , can  be  varied  at  -ill  within 
A1 

wide  limits. 

The  dependence  of  the  change  of  * and  <*  on  the  change  of  the 
powder  gr.in  .h.pe  l.  known  fro.  pyrostatics.  The  change  of  the 
pressure  curve  p. X and  of  the  projectile  velocity  curve  v,  X with 
respect  to  the  following  can  be  illustrated  by  -e.n.  of  an  esa.pl.: 
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. tbe  B„e  powde r thickness  and  the  on~ 
1)  change  of  powder  shape  at  the 


charge  u>,  and  powder  shape  (*--  const, 

3>  change  of  powder  thickness  at 

to  ,he  saBe  la.)  and  at  «» - const. 

Ovanes  according  to  thiekMI,  reaala.  the 

,,  , Of  the  grain  shape  when  the 

\ The  effect  of  tne  * _ i 

. for  the  sake  of  simplicity  t a 1 
sane . *e  shall  assume  for  l , , „ 0 <*-  1 and 

r At  the  start  of  burning  at 

1“  ahich  case  * ' je  cnange  of  6 ■ A‘  the  end 

The  change  of  S corresponds 


of  burning  *t  1 ' 1 


_*  Ak  ->«(l  * 2X  * 3u)  - 

for  five  regressive  po.aer  snapes 
B,  taking  general  formulas  for  five 


deal  data,  we  obtain  table  21 
and  using  numerical 


Table  21 


Shap©  °*  r0  “* 
powder 

1 Tube  \ $ 


*K  '*** 


1 - 0 


6*  *K 


1.003  0.994  I 0.997 


1 TU°  1+0  ' o-  ' O 89  ! 0.943 

a - a) cl  - g)  (1  . ,)11  - 3)  , l-0b  I °-89 

2 (strip  i + df-3  i + a + 3 j 


3 Iplate  ll*2® 

4 Slab  2 + 9 


(1  - 9) 
1 + 20 


(1  - 9>‘ 


1.20  i 0.675  0.810 


5 leube 


•»  \ — • — 

— * ^ rtf  r with  rt«p®ct  to 

„poo  plotting  a «raph  of  the  chan. 


WKV-  - Qe 

,ill  obtain  the  dlagra.  -boon  in  «*«• 
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Fie.  93  - Change  of  i,  z «tth  Change  of  Po.der 
Shape  when  »a>  and  e^  - const  . 

1)  tube;  2)  atrip.  3)  square  plate;  4)  rod;  b) 
c ube  . 

The  I.  z diagram  shoes  ho.  the  rate  of  gas  formation  changes  .hen 
we  cut  up  the  sane  strip  into  square  plates,  then  into  strips  and 

finally  into  cubes  (see  fi*.  23). 

The  calculated  action  of  these  differently  shaped  po.ders  (2.  4. 

5)  of  the  sane  thickness  In  the  bore  of  a gun  using  the  same  charged 
by  .eight  gives  a diagram  shoeing  the  changes  of  gas  pressure  as  a 
function  of  the  path  traversed  by  the  projectile  In  the  bore  (fig. 

94)  . 

These  curves  sho.  that  the  strip  generates  a normal  pressure 
p . 2380  kg/C.*  and  a muzzle  velocity  v&  - 590  m/sec . .hereby  the 
adiabatic  curve  of  the  second  period  attains  the  greatest  height  and 
the  nuzzle  preiiure  i* 

Rod  4,  .hose  exposed  are.  is  al-o-t  t.lce  a.  great  at  the  same 
po.der  thickness,  generates  almost  double  the  pressure  - P.  - 4600 
kg/cs*  and  a considerably  higher  velocity  v*  - 666  m/.ec  because  of 
the  large  area  of  the  p. -t  curve  depicting  the  -ork  done  by  the 
gases.  Tbs  adiabatic  curve  of  the  second  period  drops  sharply  nt 
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the  end  of  burning  and  in  descending  intersects  the  curve  of  the 
first  period  of  strip  powder  and  lies  below  the  adiabatic  curve  of 
the  strip  powder. 

The  point  of  maxlojuiu  pressure  moves  towards  the  point  of  the 
start  of  motion,  us  does  the  point  representing  the  end  of  burning. 

p 

v.  - * - 0.34  for  the  strip,  0.18  for  the  rod,  0.128  for  the 

* 

cube.  inasmuch  as  the  exposed  area  of  the  cube  is  three  times  as 

great,  the  cube  generates  a pressure*  of  p»  — o200  kg/cm^  and  a velocity 
vA  - 681  m/sec  because  of  its  still  greater  area  5pd£  tban  that  of 
the  rod  (slab).  The  adiabatic  curve  of  t tie  second  period  lies  still 
lower  and  gives  the  lowest  muzzle  pressure. 

Thus,  using  the  same  powder  thickness  and  the  same  charge  by 

weight,  we  find  that  of  the  three  powder  shapes  compared  above  the 
lowest  pressure  and  the  smallest  velocity  are  produced  by  strip  powder. 
The  rod  (slab)  increases  the  pressure  by  almost  100*1,  whereas  the 
velocity  v^  increases  only  by  11%;  the  cube  increases  pfc  almost  2.6 
Uses  and  the  velocity  by  15. 5%.  In  this  case  the  regressive  shape 
produces  the  laxiaua  vA  , but  at  a pressure  which  is  almost  three 
times  the  normally  allowable  pressure.  Hence,  if  the  requirement, 
ss  is  the  case  in  actual  practice,  calls  for  the  same  pressure  p*  with 
powders  of  different  shapes,  the  area  of  the  Jpdt  curves  obtained 
with  powders  of  greater  regressivity  will  be  smaller  than  the  area 
obtained  with  strip  powder,  and  the  velocity  j^will  be  smaller.  This 
represents  the  advantage  of  strip  powder  as  the  more  regressive  type. 

For  purposes  of  coaipsrison,  p,  £ and  v,  ^ curves  are  presented 
in  the  diagrams  for  the  case  (o)  , in  which  the  powder  is  fully  burned 
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FiK  94  - The  Effect  of  the  Grain  Shape  on  the  Pressure 
Curve  Inside  the  Bore. 

1)  instantaneous  burning  (0) ; 2)  cube  (5) ; 3) 
slab  <4) ; 4)  strip  (2);  ordinate:  g/cm2. 

2.  The  effect  of  web  thickness  on  grains  of  the  same  shape.  Grain 


shape  - 


strip;  thickness:  2e^  - 1.5,  2.0  and  2.5  »m . 


1 .06 
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[Thickness  of 
ptrip  2e^ 


1 .5 
2.0 
2.5 


, greater  quantity  of  gas  In  a unit  of  time  than  thicker  i-.der.  The 
gas  supply  during  burning  can  uc  regulated  b>  changing  the  thickness 
of  the  powder. 


Table  22  - 

Magnitude 

c 1 .06 

0 " el 

fr  0.943 

i K ei 

i 

T " 2 1 

| P„-  kg/cm 

m/sec 

- ~ 

1.414 

j 1 .250 

3 540 

032 

L .000 

0.943 

2040 

575 

0 .848 

0 .744 

14  50 

480 

diagram  lu  f i K 

. 9 5 shows  thi 

it  thinner  powd 

v r generates 

rig-  95  - Tbs  Dependence  of 
the  Intensity  of  Gas 
Formation  on  the  Powder 
Thickness. 


Fir.  9o  - The  Effect  of  Powder 
Thickness  on  p ,1  Curves  in 
a Gun  . 


The  calculated  results  of  the  action  produced  by  these  same 
powders  In  s gun  using  the  same  charge  can  be  seen  in  the  diagram  of 
fig-  96;  it  shows  that  thin  powder  1 generates  a which  is  68%  greater 
than  normal  pressure,  whereas  thicker  powder  3 generates  a pressure 
pm  which  is  31%  lower  than  normal  pressure  2. 

The  muzzle  velocities  ^ are  632,  575  and  488  m/sec,  respectively, 
where  in  the  last  case  the  thick  powder  does  not  succeed  in  getting 
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fully  burned  Inside  the  gun  barrel,  and  hence  the  energy  of  a portion 

of  the  charge  is  not  utilised  at  all. 

The  two  examples  cited  above  -ho-  the  Importance  of  the  shape 

and  dimensions  of  powder  when  firing  a gun,  and  how  the  inflow  of 

„ j ^ eKa*  Hnaired  rate  of  pressure  change  can 

gases  can  be  regulated  and  the  desireu  rate  o y 

4 rhirknpss  of  the  powder  in  combination  with 

be  obtained  by  varying  the  thickness  oi  tnc  y 

it*  shape. 

If  the  requirement  Is  such  that  P„  -ust  not  exceed  a gtveu  value, 
the  most  regressive  powder  will  be  most  suitable  for  the  purpose, 
namely,  tubular  powders  of  the  various  shapes  considered  here,  which 
approach  the  closest  a powder  with  a constant  burning  area.  It  Is 
Possible  however  to  obtain  a progressive  powder  shape  -hose  surface 
,re.  increase,  with  burning,  and  thus  improve  the  efficiency  of  the 

weapon . 

CHAPTER  4 - FORCES  DEVELOPED  IN  A GUN  WHILE  THE 
PROJECTILE  IS  MOV  mo _ACROSS_THE  JIIFLIKG 

1.  THE  RIFLED  BORE.  BASIC  DESIGN  DATA. 

The  bore  of  a gun  barrel  is  rifled  for  the  purpose  of  imparting 
a spinning  motion  to  the  projectile.  The  angle  a formed  by  the  grooves 
with  the  generatrix  may  be  constant  (rifling  with  a uniform 

variable,  with  the  angle  of  twist  increasing  towards  the  -uxzXe  (rifling 
,1th  an  increasing  twist).  The  stability  of  the  projectile's  flight 
at  . given  velocity  depend,  on  the  angle  of  twist  a.  The  projectile', 
spinning  motion  1.  Imparted  by  the  pre.nure  of  the  driving  edge,  of 
the  lands,  which,  in  the  case  of  a right-handed  thread  (clockwise 
rotation),  1-  prowld.d  by  the  right-hand  edge  of  the  land.  (fig.  97.  . 
and  b).  These  edge.,  upon  encountering  the  rotating  band  of  the 
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center  of  the  protruding  band  and  torcea  the  projectile  to  rotat 
clockwise . A .-a.  but  a directl,  counteracting  force  >* 

parted  by  the  projectile  on  the  driving  edge  of  the  thread. 

,f  the  .alls  of  the  bore  and  the  rotating 
to  the  e 1 as  tic  properties  of  the  walla 

r ♦ fnri’es  or  iR  mate  on  the 

band,  radial  forces  $and  frictional  forces 


contacting  surfaces 


(see  fig-  98 1 • 


rig.  97  - Rifling  1“  » Gun  B»rrel 

1)  barrel;  2)  projectile. 


rl-.  98  - Fore.  Acting  in  the  tifli-*  Groove.. 

I„  addition  to  the  t.i.t  Mgle  tbe  «roo,,e8 

„ „ ... «... .. « — » - •*  - 

o!  ......  •,  “.  '•«»  dr‘"""  ° 
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N is  distributed  over  the  area  : cos  c.  but  inasmuch  as  at  a - 8°. 

cos  a - 0.99  ~1.  the  are.  bQtH  is  used  for  co.puting  the  stress  is 
the  groove  and  the  rotating  band.  In  artillery  pieces  the  value  of 
tH  is  usually  taken  as  t||  ^ (0 .01-0 .02) d,  where  d is  the  caliber  of 
the  bore  or  the  diameter  between  the  lands;  bQ  « 0.15d. 

For  s.all-caliber  weapons  tH  - (0 . 02-0 . 04 ) d . 

When  the  projectile  aoves  through  the  bore,  the  gases  exert  a 
pressure  on  the  base  of  the  projectile  as  -ell  as  the  ridges  of  the 
rotating  band  foraed  -hen  the  latter  is  forced  into  the  grooves. 
Therefore  the  cross-sectional  are.  s of  the  bore  is  greater  than  ^ 

*<,2/4  and  is  calculated  approai.a te 1 y by  the  for.ula  s - (0.80-0.83)d 
or  by  mean*  of  the  more  exact  formula 


/ 


JL_d2 


- JLd2 


a ♦ b 


d 

b -3 


/ad2 


bd 


' 2 


TT 


a + b 


The  latter  is  obtained  if  we  subdivide  the  -hole  area  into  pairs  of 
sector,  of  dia.et.rs  d and  <T  resting  respectively  upon  arcs  a and  b. 
Of  the  two  sector,  subtended  by  the  given  angle,  the  sector  resting 
on  tbs  land  of  the  rifling  occupies  the  portion  , + b»  “d  *he  one 
resting  on  the  botto.  of  the  thread  occupies  the  portion  - - 

If  we  equate  this  .res  . to  the  sr.s  of  sn  equidlsen.lon.l  clr. 
th.  disaster  of  th.  latter  dt  will  represent  the  true  either  of  the 
hors.  It  -ST  be  as-u-ed  tb.t  the  force  8 spinning  th.  projectile  sb 
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its  axis  has  a lever-arm  . For  artillery  pieces  d*  ~ 1.02;  i.Old, 


2 • 2 
ad  + bd  * 


n - (3-3.5)dcoj  or  a - 2dr<u  - H 


rounded  off  to  a multiple  of  four  (n  - » for  snail  arms),  in  order  to 

be  able  to  cut  the  bore  simultaneously  with  four  cutters. 

In  addition  to  the  angle  of  inclination  t,  the  rifling  is  also 
characterized  by  the  lead  of  the  thread  h,  i.e.,  by  the  length  of  the 
generating  line  equivalent  to  a full  turn  of  the  thread  (fig.  99): 

h - ^ d cot  an  l . 


h/d  i*  usually  given  in  round  numbers  (20,  25,  30. ,.60)  and  the 
angle  of  inclination  a is  determined  from  them: 

tTd 


a - arc tan 
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Rifling  Equation.  When  the  cylinder  of  the  bore  with  an 
increasing  rifling  twist  is  developed  on  a plane,  the  rifling  appears 
as  a parabola  (fig.  100),  whose  origin  and  angle  of  inclination  q - 0 
lie  below  the  actual  thread  on  the  extension  of  the  thread  curve. 

The  equation  for  this  parabola  is: 

2 

x~  - ky  or  y - » 


2x  . d tan  a 

k dx 


i.e.,  the  change  of  the  angle  of  inclination  versus  the  distance  x 
remains  constant. 


Fi*.  »*  - Uslfors  Twist  r lg.  100  - Increasing  Twist  Rifling 

Rifling  Dlagras  Dlsgrss 

Siacs  the  angles  of  inclination  and  o2  nt  the  beginning  and 

•ad  of  the  rifled  portion  of  the  tore  are  known,  the  constant  k can 

be  determined*  Indeed: 
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2(c  + LHp^ 


tan  au 


tan  a 


(60) 


whence 


2L 


«£- 


a - tan  a 


(61) 


and  hence 


- const . 


-Hp 


The  Last  expression  enters 
pressure  exerteo  on  the  driving  edge 


mto  the  formula  expressing  the 


. , . - c +1  . where*#  ls  t,ic  pal 

ring  m wind  that  x n 

lo  the  bore,  and  finding  from  <60>  that 


h traversed  by 


Bearing 
the  rotating  band 


tan 


- — tan  ^ , 


(tan  a2  - tan 


. - . , from  the  path  In  the  for. 

,e  WH1  obtain  the  relation  tan  t - k 

2<C  * lnl  - tan  a +(t.n  a - t.n  a >1*.  <b2) 

tan  a - - ~ 1 «P 

, . £.  . where  a 1.  the  distance  between 

4n  varies  fro.  xero  to  A « 

the  base  of  the  project!! 


. .nd  the  forward  edge  of  the  rotating  hand. 

.. ...  ..... ... 


relation 


to 


tba  walght  of  the  recoiling  parts  Q0.  the  weight  of 
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projectile  q,  the  weight  of  the  charge  and  the  type  of  rifling 
used<* ) (Table  24). 

2 THE  RES I STANCE  ENCOUNTERED  BY  THE  ROTATING  BAND  WHEN  FORCED 
INTO  THE * R IFL I KG  GROOVES;  PRESSURE  TO  OVERCOME  THE  INERTIA 
OF  THE  PROJECTILE. 

When  the  projectile  is  properly  seated,  the  forcing  cone  ol  the 
band  nus t bear  against  the  chamber  cone  and  partly  enter  the  tapered 
end  of  the  rifling  (fig.  101);  this  prevents  the  escape  of  the  gases 
fro*  the  chamber.  As  the  gas  pressure  increases,  the  band  takes 
the  grooves  and  fully  enters  the  latter  .hen  the  rear  edge  of  the  band 
a approaches  the  end  of  the  groove  taper  (point  b).  The  rotating 
band  resistance  is  saxl.ua>  at  this  point.  The  force  1IQ  acting 

on  the  cross-sectional  area  of  the  bore  s,  l.e.,  — PQ  kg 'em  , 

necessary  to  drive  the  band  for  its  full  length.  Is  called  the  "pressure 
to  overcome  the  inertia  of  the  projectile. 


Fig.  101  - Rotating  Band  Entering  the  Rifling  Grooves 
1)  connecting  taper;  2)  rotating  band;  3)  rifling. 

(•)  For  rifling  with  an  increasing  twist,  -jj-  is  given  for  the  angle 
of  inclination  at  the  nussle  face  of  the  bore. 


STAT 


324 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Upon  entering  the  grooves  to  its  full  length,  the  copper  band 
does  not  undergo  further  deformat ion , and  the  projectile  continues 
to  move  with  the  ridges  fully  formed  on  its  rotating  band,  following 
which  the  pressure  undergoes  a sudden  drop. 


Kig.  102  - Change  of  Resistance  as  the  Rotating 
Band  is  Forced' into  the  Grooves. 

a)  kg/cm2;  b)  path  of  projectile. 

The  resistance  of  the  walls  and  grooves  of  the  bore  against  the 
rotating  band  as  the  projectile  moves  through  the  barrel  is  determined 
by  forcing  the  projectile  through  the  bore  by  means  of  a mechanical 
or  hydraulic  press.  This  method  was  used  by  M .F . Rozenberg  at  the 
former  Obukhov  Plant  in  1898  and  by  A.G.  katurin  at  the  former  Putilov 
Plant  in  1899.  However,  this  slow,  static  cold  broaching  operation 
usually  products  high  resistances  between  the  rotating  band  and  the 
bore  due  to  the  presence  of  the  N . V N , $ *n<1  forces. 

The  diagram  in  fig.  102  shows  the  change  in  pressure  p - Il/s 
when  forcing  the  band  into  the  grooves  and  moving  the  projectile  through 
a 7 6 -mm  gun  1902  issue.  This  diagram  was  obtained  in  tests  conducted 
by  (108ARTOP)  In  1925.  It  shows  that  the  pressure  developed  in  the 
76-**  gun  1902  issue  by  the  gradual  forcing  of  the  band  into  the 
grooves  Increase*  fros  150  to  250  kg/c*2,  and  abruptly  drops  to  70 
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M/cm2  after  the  band  is  fully  wedged  in  the  grooves,  following  which 
it  slowly  decreases  to  30  kg/c»2  at  the  muzzle  face  of  the  gun. 

under  actual  firing  conditions,  the  -alls  of  the  barrel  near  the 
rotating  band  undergo  elastic  deformation  under  gas  pressure  p,  whereby 

the  -alls  are  displaced  or  stretched  from  position  a to  position  a' 

(fig.  103).  this  deformation  is  transmitted  for  a certain  distance 
forward  and  weakens  the  action  of  forces  ? and  V«? . 


VUi.  1 03  - The  Action  of  Pressure  p in  Displacing 
the  Rotating  Band  of  the  Projectile 
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This  subs ton 1 1 a ted  by  the  KOSARTOP  tests.  The  pressure 

necessary  for  the  translation  of  the  projectile  .as  determined  by 
firing  a shortened  76-mm  cannon.  By  using  reduced  charges  and  by 
selecting  such  charges  .hereby  a half  of  the  number  of  projectiles 
fired  *ould  be  ejected  from  the  bore  and  the  other  remain  in  it, 
it  .as  determined  that  a pressure  of  150  kg,  cm2  .as  not  sufficient 
to  drive  the  band  into  the  grooves  and  .ouUl  only  produce  a hardly 
perceptible  imprint  ol  the  grooves  on  the  for.ard  portion  of  the 
rotating  band.  At  a pressure  of  22b  to  275  kg  cm2  some  of  t he 
projectiles  remained  lu  the  bore  and  a number  of  them  was  ejected 
from  the  bore  and  dropped  near  the  gun.  Thus  only  a small  additional 
pressure  was  sufficient  to  eject  the  projectile  from,  the  bore  the 
action  of  forces  i and  Vf  .as  negligible.  In  consequence,  we  shall 
disregard  these  forces  in  our  future  analysis. 

Thus  the  pressure  pg  necessary  to  overcome  the  i;.cma  ol  t r:t 
projectile  is  equal  in  Thu  given  ast  to  2M>  hy ; cm" . This  wlue 
n-*y  vary  cons  1 Jer r b 1 > depending  on  the  nflis..:  and  bam:  design.  In 
compiling  his  tables.  Prof.  N.F.  Drozdov  used  the  value  of  Pu  - 300 

kg/cm2;  certain  authors  use  P1(  - 400  kg/cr 2 in  their  calculations. 

2 

Krautz  uses  different  values  for  pQ  varying  fro  a.  270  Kg/cr.  for 
a 76-*®  cannon  to  550  kg/cm2  for  rifles,  in  which  the  grooves  are 
relatively  deep  and  the  entire  bullet  rather  than  just  the  rotating 
band  is  forced  to  sake  the  rifling. 


Special  tests  conducted  by  Aost . Prof.  P.'S.  Shkvornlkov  indicate 
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its  profile  is  changed. 

The  value  of  p.,  usually  specified  for  Biediujt-caliber  guns  is 


— 250-350  kg/cro* 


Gabeau  otters  the  following  expression 


>r  determining 


p - 4 V 1 — cos  i 


where  U - Elastic  lur.it  of  th**  rotating  copper  oana,  attained  by  the 
band  while  being  forced  l n t o the  grooves; 

H(b  ) - diameter  of  rotating  band  (reduced) ; 

0 

d’  - caliber  - reduced, 

”i  - angle  of  twist; 


V - coefficient  of  friction. 


I'  is  determined  f run.  the  expression 


V - 3000 


Gfe)"" 


- 5 50, 


r D0  - d’ 

0.1  + 1 . I — 

100  j • _ d 


d£H  - diameter  of  projectile  body  at  the  rotating  band. 

If  we  disregard  the  resistance  present  after  the  band  is  fully 
driven  into  the  grooves,  the  notion  of  the  projectile  nay  be  assuned 
to  start  at  the  Instant  the  pressure  attains  the  value  produced  by 
the  partial  burning  of  the  charge 
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la  order  to  obtain  pressure  p at  constant  volume,  it  is  necessary 
that  a portion  of  charge  f determined  frorr  the  following  general 
pyrostatics  equation  be  burned: 


Thus  the  pressure  It 


indirect  ly  account  e d ! o r . 
charge  b u r n j b v l e t l rt,  e t : 
corresponding  relative  part 
value  J ilsu  depends  c 

Pu*  tlu‘  ,:r*a,er  (jrj  ■ u” 


(111  t uJ(  v 


1-0  Jt.T  tu, 


t.'»*  burned  thick:. 


, . t he*  nigiier  the-  value  of 


t !u»  great< 


steelier  t no 


the  projectile's  motion,  and  the  higher  the  rt.axm.urn  pressure  Pff  . 

3.  FORCES  DEVELOPED  AT  THE  DRIVING  EDGES  * HEN  THE 
PROJECT  1 LE  lb  IN  MOTION 

The  angle  formed  by  the  bore  axis  and  the  direction  of  the  rifling 
grooves  creates  reaction  forces  between  the  driving  edges  of  the 
rifling  and  the  rotating  band  as  the  projectile  moves  through  the 
bore.  These  forces  N at  each  groove  are  directed  perpendicularly  to 
the  surfaces  of  contact  and  create  friction  forces  V N along  the  driving 
edge  in  a direction  opposite  to  that  of  the  projectile’s  motion. 

These  forces  and  their  components  (acting  in  the  direction  of  the 
bore  axis  and  a plane  perpendicular  to  it)  impart  a spinning  motion 
to  the  projectile  and  develop  forces  which  counteract  the  translation 


of  the  projectile  (force  R) . 

In  order  to  determine  the  reaction  force  N of  the 


groove  and  the 
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braking  force  R,  let  us  imagine  the  bore  surface  developed  in  plane 
*y,  with  the  x-axis  parallel  to  the  bore  axis  (fig.  104).  Curve  00 
depicts  a groove  with  an  increasing  twist.  Point  A corresponds  to 
the  center  of  the  driving  edge,  where  E5,  S and  V N represent  the  forces 
acting  on  each  driving  edge,  and  n Is  me  number  of  grooves. 


We  shalL  disregard  the  radial  tore-  <j>  and  the  lo.ee  of  friction  V <f> 
Let  us  resolve  forces  N and  VN  into  their  components  along  the 


x and  y axes  : 


K*‘  - S sin  a;  N ’ - S cos  x . 


v> ^ * - VS  cos  a , VN  - VN  = 1 n 


According  to  the  law  of  mechanics,  we  will  have  the  following 
equation  of  motion: 

1)  The  sue.  of  the  projections  of  forces  along  the  x-axis  equals 


2)  The  sub  of  the  a 


orients  of  rotating  forces  equals  1 - 


ihere  I is  the  moxen 


t of  inertia  of  the  projectile  about  the 


longitudinal  axis; 

51  is  the  angular  velocity  of  the  projectile. 

The  moment  of  inertia  of  a projectile  of  mass  m is 


I - 


-i  • *1  ~ \ 


2 . 

r dm , 


where  A . - .n  ele.ent  of  the  .»•,  loc.ted  . dist.nce  ^ fro.  the 
ajcis  of  rotation,  can  be  represented  as: 
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1 V 


pch“ 


- f, . 


PCHS 


value  slightly  exceeding  unity;  tins  v 
determined  with  greater  accuracy  later  on. 

Therefore , 


alue  will  be 


dv  _ ^CH 
dl  * 


Ppm! 

i 


Substituting  this  expression  in  lorn 


u la  (i.4),  we  K«?t: 


i ( i\  2 ua  a spCH  2 nil 

T \Ty  ^(COS  1 - vmn 


a) 


The  expression  In  the  denominator  closely  approaches  unity: 
<fL(cos  ^ - VsiD  a)  1. 

We  thus  get  the  final  expression  for  the  reaction  N of  the  groove 

the  rifling  has  an  Increasing  telst : 

2 


(tan  a spCH  + f j*a  a.v  ) . 


* - i (t) 

k - 0 and  the  force  Is 
For  grooves  having  a unlfora  twist  kQ 


* ■ T (-7)  t,n  0 *PCH- 


(66) 


(67) 


The  value  of  g)  * - * -P—  ••  ^ 

earl-  bete—  0.4S  for  a bullet  aed  0.68  for  a thln-eelled  high- 

334 
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explosive  percussion  shell. 

For  example: 

l r 

for  a circular  solid  cylinder ..0.50 

lor  a solid  bullet ~ 0.4 rt 

for  ariaor-plorcln^  thick -walled  shells 0 . jo 

for  thin-wal  led  percussion  shells 0.u4-0.o8. 

In  order  to  compute  the  stress  it*  the  hand  ae  l a 1 , the  force  N 
must  be  referred  to  the  contact  area  between  * r.e  trivn^  cages  of 
the  rifling  and  the  band,  l.e.,  to  b^t^,  where  t is  the  depth  of 
the  rifling  and  is  the  width  of  t tie  rotating  band. 

Formula  (t'*7)  shows  that  for  rifling  with  a constant  twist  the 
pressure  exerted  b>  the  baud  of  the  projectile  on  the  driving  edge 
of  the  rifling  and,  inversely,  the  pressure  exerted  by  the  driving 
edge  on  the  band  while  the  projectile  is  in  notion,  varies  in  proportion 
to  the  pressure  exerted  by  the  gases  on  the  base  of  the  projectile. 
Therefore,  curve  l representing  the  change  of  force  N as  a function  of 
.t 1 s similar  to  the  pressure  curve  (fig.  105),  and  the  band  of  the 
projectile  and  the  driving  edge  are  subjected  to  a maximum  stress  at 
the  instant  the  pressure  and  the  velocity  of  the  projectile  are  at 
a maximum. 


Fi*.  105  - Effect  Produced  by  Rifling  on  the  Pressure  K 
in  ^.he  Rifling  Grooves. 

335 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


\ 


1.  (66)  indicates  that  by  decreasing  the  initial  groove 

FOr"U  h first  ter.  in  parenthesis  for  the  Instant  at  which  P* 
angle  ax>  the  fi  mas.uch  as  the  velocity 

18  <**vel0ped  Ctt°  ^ co08lderably  deCr*‘  (as  1S  lhe  rubied 

of  the  projectile  the  instant  of  aaxiaoa 

kinetic  energy  of  the  projectile,  - . (Gb) 

re  the  value  of  N obtained  according  to 
developed  pressure  waller  lhan  that  obtained 

_ nt  aii  increasing  twist) 

(in  the  case  of  a*1 


, (67>  (for  rifling  with  a unlfor.  twist), 

by  for.ula  (6  > 1 increases,  as 

r zr—  - - -r 

Of  rifling  with  a uniform  twist, 
the  case  of  rix 

v.!  hv  Changing  the  angles  ax  »“d  a2' 
considerably  by  chang  K „ function 

,n  fig  105  show  the  change  of  force 
The  curves  la  fig  _ const  and 

. , , i»  for  rifling  grooves  with  a 

of  the  path  of  the  projectile 

,or  two  riflings  with  a variable  t : 

^ 31  " 2 ' at  ion  is  known,  the  dependence  of  tan  a on  the 
if  the  rifling  equation  „cordlng  to  forwula  (62) 

. , I can  be  determined  accordi  g 
path  of  the  projectile  * ca 

as  a weans  for  calculating  the  change  of  »: 


tan  a - tan  ^ ♦ <»•»  “a  ' t8D  ° 


i 1 

^ - tan  ax  + 


1 and  v l csn  then  be  plotted  and  the  value,  of  *,  P *nd 
and  curvti  P»>  *“d  ¥f  By  substituting 

, ... - * — i- 


(61)  1.  <“>•  " *Ul 
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N - -£-(tan  cxjap  + kain8p  + kamv2) 


2i  - X 


lau  a1  sp 


+ Xk  (/sp  + BV2)  . 


The  first  tern  represents  that  pressure  which  would  obtain  in  a 

rifling  with  a uniform  twist  whose  angle  n - . This  change  is  similar 

to  the  change  of  the*  pressure  curve  p,  i , i.e.,  it  first  increases  and 

then  decreases.  The  second  term  depends  on  / , p and  v,  whereby,  V , p 


and  v increase  unti 
which  1 and  v cont l 


1 the  pressure  attains  a maxiB.um  value,  following 
nue  to  increase  and  p decreases.  This  formula  makes 


it  possible  to  analyze  the  influence  of  each  variable  p,  v and  on 
the  pressure  exerted  on  the  driving  edge. 

The  resistance  offered  by  the  rilling  against  the  translatory 
motion  of  the  projectile  is 


R - nN  (sin  3. 


v cos  i)  - nN  cos  i(tnn  t ♦ V). 


For  rifling  with  a uniform  twist  (assuming  cos  i » 1): 


A2,.  2 


(tan  a ♦ vtan  a)spf 


i.e.,  R is  proportional  to  the  gas  pressure  on  the  base  of  the 
projectile . 

The  magnitude  introduced  above,  which  takes  into  account  the 
braking  effect  of  the  rifling  grooves  on  the  motion  of  the  projectile, 
is  also  constant  when  the  rifling  twist  is  uniform: 


* " 1 + 


♦ J£ — - 1 ♦ (X)  (tan2  a + Vtan  a). 
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The  equation  of  tranalatory  motion  of  the  projectile  can  be 


written  as  follows: 


spch  - v ar 


Since  >1,  the  resistance  offered  by  the  rifling  is  the  saa,c  as  if 

the  mass  of  the  projectile  were  increased.  In  the  expression  - I 
♦ * tan  a tan  a the  value  of  the  coeffic  ient  \ tan"  : varies 

between  0.002:.  tor  a small  pitch  with  a rifling  pitch  n - 45 

calibers  and  0.025  <2. 51)  for  a very  steep  pitch  <h  - 15  calibers). 

For  a medium  angle  of  twist  a - o-7°  X tan"  i '“-0.01  (If). 

The  value  of  the  coefficient  X v>tan  a depends  on  both  the  angle 
a and  the  coefficient  of  friction  v>  which  is  usually  taken  between 
0.16  and  0.20;  on  the  average  A V tan  ^ = 0.01  (IT)  . 

Investigations  made  during  the  past  few  years  have  shewn  that  V 
decreases  as  the  velocity  of  the  projectile  increases,  at  v 200  m 7s 
V 0 . 10 , and  at  v - 1000  m /sec  V ***  0.05. 

is  usually  taken  to  be  equal  to  <fL  - 1.02. 

For  rifling  with  an  increasing  twist 


R - *^(Un  a spCH  + <f1^a  mv2)(tan  ci  + V), 


and  the  magnitude 


- 1 * 


will  no  longer  be  a constant  value. 
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4.  THE  MORE  DONE  IN  OVERCOMING  THE  RESISTANCE  H OFFERED 
BY  THE  RIFLING  GROOVES. 

In  order  to  overcome  the  resistance  R,  the  powder  gases  must  do 
a certain  amount  of  work. 

For  rifling  with  a uniform  twist: 

*-  V t an  ! ) sp  . „ . 

Tht-  work,  done  in  yVMrcoa  i:ij;  tills  o si  st  an  e is 
t 1 

* V tan  :>s  { pruc 


PCK^-  **-’ 


Rd£  - \ tan2  -1  * AVtan  t 


It  can  be  shown  that  the  first  term  represents  the  work  done 
in  imparting  a spinning  motion  E2  to  the  projectile,  and  the  second 
term  represents  the  work  done  in  overcoming  friction  E^. 


Ej  (to  the  work  done 


Both  types  of  work  are  proportional  to 
in  imparting  translation  to  the  projectile)  and  can  be  written  am: 
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k h e r o k 


- XV  t ai 


it  Wit*',  1 !iv  t X[>  r<*Sb  - * ■ “ 
Cos-par  inn  i >•  * 1 ' 


>r*  ^ 


: ' y"-’  ‘ K-  ' 


. ,11  r.  i>'-' 


for  r 1 1 1 t ng 


- nNlslr.  > * Vl°*  1 


, r.  5.V- 

) - X i t ai,  lN*  C it  ^ 1 


, v cos  ' * ) 


X ;os  l < t ar* 


" ) ^ i a ;*  1 


Substituting  tswrfin  t tic*  expitssic 


tan  -i  - 


+ r.  £r 


and 


where 


tan2  3 - i*"2  al 


1 + 2n 


£ . 2 , J-' 


"i  L 


Bp 


i V L 


ft  p/ 


tan  a,. 


tan  ci. 


- 1 


..  .m ... ..  •"  * ••  ■ ; *“  7 


projectile’s  path  l 

RdZ  ee  can 


340 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


determine  the  worL  done  in  overco«nng  the  resistance  offered  by  a 

rifling  with  an  increasing  twist. 

CHAPTER  5 - DERIVATION  OF  FORMULAS  FOE  DETERMINING  THE  SECONDARY 
' TYPES  OF  WORK  INVOLVED 

L.  TfORX  DONE  IN  SPINNING  THE  PROJECTILE 

The  work  done  in  imparting  a spinning  motion  to  the  projectile  is 

expressed  by  the  formula 

y -U*:, 

2 2 

where  I - moment  of  inertia  ot  the  project  lit  about  the  axis  of  rotation 

(i  - »r) . 

n — angular  speed  of  rotation. 

lt  »»5  shown  above  that  all  four  Hems  of  work  under  consideration 
are  proportional  to  the  basic  work  K.  - the  expression  for  E2 

can  be  reduced  to  the  form: 

2 

F . k — 
fc2  2 2 ’ 

from  which  we  can  determine  the  value  of  k2*  le  shail  substitute  the 
linear  speed  v for  the  angular  speed  of  the  projec  1 1 le  A . 

fl  v t an  a t 


2 2 2 
ip  v tan  a 


- (V/ 


tan  a W-  - k n , 

2 2 2 
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i 


±)  tan2  a. 


The  coelf  U'loat  k0  indicates  the  portion  of  the  total  »ork  done 


In  spinning  the  projectile.  I'lns  magnitude  depends  on  the  design  or 


type  of  the  projec 


c tile  { — ) ? 


and  on  the  r 1 (1  i ng  oi  the  bore  - the 


ang 1 e of  twist  : . 

2 . r H K * OR K DON h 1 N O V l KCOM INC  1 H K F d 1C  I l O S 1 S T S i t 
HIP  LI  NO  GkOOVKJi 

The  component  of  the  lorrr  of  friction  on  t h«-  driving  e igt 


resisting  the  projectile’s  mot  it 


•xpressed  by 


V N cos  \ ♦ 


The  work  done  ir.  overcon.  lug  this  resistance  is 


a vN  cos  X 


because  the  path  traversed  along  the  rifling  is  <■  cos  a. 


Substituting  here  the  expression  for  N: 
t 

/ - \ 2 r / „\  2 


- h) 


PCHd£ 


£ ^ * V t an  ci  . 

r y 2 


we  thus  get 


S' It  't,na* 


i.e.,  the  expression  derived  earlier. 


The  nuaerlcal  values  of  k2  and  *3  were  likewise  discussed  earlier 
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3.  THE  WORK  DONE  IM  DISPLACING  THE  CHARGE 
la  displacing  the  projectile  through  the  bore,  the  powder  gases 
move  together  with  it,  whereby  the  unburned  portion  of  the  charge 
may  move  likewise  under  the  action  ot  non-umfora  pressures  developed 
in  the  bore.  A portion  oi  the  developed  energy  is  thus  spent  on  the 
displacement  of  certain  portions  ol  the  charge  and  on  imparting  kinetic 
energy  to  them,  » h l c n m u s l be  t k e n into  consideration. 


Inasmuch  as  no  ac 


:cura  t e data  is  available  oil  t h e cl  is  t r lbu  t 1 o n 


of  the  gas  mass 


and  me  unburned  portion  ot  lac  charge  n.  t r.e  initial 


air  space,  certain  allowances  rtdsl  be  res  or 
are  taken  into  account. 


to  when  t ta  s« 


It  is  known  that  when  a shot  is  tired  wave  motions  may  occur 
when  the  gases  impinging  on  the  base  of  the  projectile  rebound  and 
encounter  other  gases  flowing  towards  them,  thus  creating  a localized 
pressure  rise.  Furthermore,  i h entering  the  narrower  bore  from  the 


chamber,  the  gas  stream 


becomes  smaller  in  cross  section,  and  this 
ifficult  to  express  the  law  of  motion  in  the 


may  also  make  it  more  difficult  to  express  the  law  of  motion  in  the 
form  of  analytic  functions.  As  a result,  it  is  necessary  to  resort 
to  certain  simplified  expressions  and  allowances  when  determining  the 
work  done  in  the  displacement  of  the  gases. 

This  problem  is  presented  as  follows:  an  expression  must  be 
obtained  for  the  kinetic  energy  of  the  portions  of  the  charge  moving 
iith  s variable  speed,  and  an  expression  for  linking  this  with  the 
kinetic  energy  of  the  projectile. 

In  solving  this  problem,  We  shall  make  the  following  allowances: 

1)  The  bore,  including  the  powder  chamber,  has  the  same  area. 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


equal  to  the  cross-sectional  area  s. 

2)  At  each  position  occupied  by  the  projectile,  the  aass  of 
the  charge  is  distributed  eveuly  throughout  the  entire  space  between 
the  base  of  the  projectile  and  the  base  o t the  bore. 

3)  The  elements  of  the  charge  have  a translator},  mot  ion  only, 
and  the  velocities  between  its  layers  increase  f ro«.  zero  at  the  base 
of  the  c h am  be  r to  v at  the  bast*  ut  the  projectile,  according  to  the 
l l n ear  1 a w . 

4)  The  velocities  o t the  particles  at  a given  cross  section  r.  re 
the  saaie  , and  no  friction  exists  between  the  particles  of  the  charge 
and  the  walls  of  the  bore. 

The  diagraa  i r.  fig.  10b  clarifies  the  above*. 

» e shall  designate: 

v - velocity  of  the  projectile, 
v^  - velocity  of  a charge  el<  merit  in  a giver,  layer; 
u - ‘d'g  - mass  of  charge; 

Ti  - distance  between  chamber  base  and  base  of  projectile. 

At  the  instant  the  projectile  nad  traversed  a distance  I , J\ 
is  constant,  it  varies  with  time,  whereas  we  are  considering  the 
condition  of  the  charge  Masses  in  the  initial  air  space  at  various 
distances  x from  the  base  of  the  chamber  at  every  instant. 

We  shall  separate  an  elementary  layer  of  cross  section  s and 
height  dx  and  designate  Its  Mass  by  du . The  layer  moves  with  a 
velocity  v*j , its  elementary  kinetic  energy  will  be  expressed  thus: 
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la  order  to  obtain  an  expression  for  the  lull  kinetic  energy 
this  expression  rust  be  integrated  lor  i-  beueen  zero  and  . We 
will  then  find  the  kinetic  energy  of  the  charge,  whose  elements 
move  in  the  initial  air  space  according  to  a given  law. 

Kf  have  Iron:  t tie  condition  of  uniform  a.ass  distribution: 


or  cb*  --  dx  . 


Fig.  10r>  - Distribution  of  Velocities  ot  the  Gas  Layers  Hark 

of  the  projectile 

a't  chamber  ba-*e  , b)  projectile  base. 

Fro*  the  condition  that  tne  velocity  changes  according  t< 

linear  law  and  from  similar  triangles: 

: v - x : J1  , 


Upon  subs t i tu t lug , we  ge  t : 
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integrating  between  the  ljaits  oi  iero 


and  D , Ket  : 


P v .dp. 


n 2 0 


4 '>n^ 


\ x ax  - 


1 CO  k E 

ln  7 2 « 1 


... ..... ... .»«  10  lh'  ~rk  v 

" In  lo.-p<>.«r  ....  bo.l..*rB 

r«i stive  velebt  of  the  cbtrge 

i\.  is  about  0.30r0.40.  Consequently, 
SHi  ^0.10-0.15,  in  high-power  gun*  i 

q 

k _ JL  ~ - 0.03t0.13. 

« 3 q 

tbl.  r'‘*r,,i““ 
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the  distribution  of  masses  and  velocities.  In  actuality 
phenomenon  Is  much  more  complex  and  permits  certain  allowances.  For 
example,  F.F.  Lender,  in  assuming  that  the  greater  portion  of  the 
charge  Is  concentrated  nearer  the  chamber  base  and  hence  has  a 
smaller  velocity,  obtained  a coefficient  l> 4 - — , other  authorities 

assume  b equal  to  I 4 or  311. 

4 THE  EFFECT  OE  WIDENING  THE  CHAMBER  OS  THE  *OKK  DONE 
4.  THE  EFEEL  ifj  DJSPLAC1SG  the  GASES 

The  motion  of  games  ,u  the  presence  of  a widened  chamber  represents 
a complex  problem  m gas  dynamics  whim  has  not  been  suited 
day.  we  shall  resort  to  a simpler  and  less  accurate  relation  which 
takes  into  account  the  effect  of  a widened  Chamber  on  the  k4 
coef  1 ideal  . 

The  following  allowances  must  be  made  in  deriving  this  relation. 

1)  The  gas  mass  is  distributed  uniformly  in  the  initial  air 
space,  but  only  that  part  of  the  mass  is  in  motion  whose  cross-sect lon.l 
are.  » equals  the  cross-sectional  area  of  the  bore-  The  outer  layers 
adjoining  the  chamber  walls  do  not  participate  m this  movement.  As 
usual,  the  interval  gas  friction  and  the  friction  between  the  gases 
and  the  walls  of  the  bore  are  disregarded. 


Ft*.  107  - Motion  of  Osaen  In  the  Presence  of  a Widened  Chamber. 
2)  The  welocity  of  the  ga.  layer,  participating  In  the  motion 
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* .. 

jjj  varies  linearly  from  zero  at  the  base  of  the  chamber  to  that  ot  the 

| velocity  of  the  projectile  at  its  base. 

By  using  this  purely  mechanical  representation  which  does  not 
take  into  account  the  gas  dynamics  relating  to  the  compression  of  the 
gas  stream,  we  obtain  the  diagram  shown  in  fig.  107. 

The  weight  of  the  gases  vJ'  participating  in  this  motion  relative 
to  the  over-all  weight  of  t ne  charge  -o  is  expressed  05  the  following 
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ballistics,  the  value  of  b must  be  taken  as  the  average  value  bet.een 
0 and  A^: 

A 1 

r A+  % 


cp 


JL  -L 

3 A 


toK  { A • 


A ■*  1 


J A - 


-u-P 


L 


7 


2 . 303 


> 


A 

1 nits 

table  is 

A and  ^ 

c o:up  lied 

. al  % - 

for  the  va 

1 

i b - — (I 

T a b 1 

2.0 

lues  of  b 

able  25). 

e 25 

cp 

U . e . , 

3 .0 

Javerace' 

at  two 

_ ^ - 

X 

0.6 

1 .O 

3.0 

7 .0 

10.0 

a 

1 . 1 

0.309 

0.312 

0.316 

0.319 

0 . 322 

0 . 324 

! 0.326  i 

| 

1 .5 

0.246 

1 0 . 2 5o 

0.272 

0 .282 

0.293 

0.300 

0.306 

2.0 

0.203 

! 0.218 

0.242  j 

0.256 

0 .273 

0.284 

0.293 

i 

|3 . 0 

0.159 

1 

| 0.179 

0.211 

j 

0 .230 

0.253 

0 . 267 

0.280 

*4.0 

j 0.137 

I 

| 0.160 

0.180  | 

0.280 

0.244 

0.259 

0.273  j 

According  to  this  table  the  coefficient  b increases  when  A 
increases  and  X decreases  and  tends  towards  as  the  limit. 

5.  WORK  DONE  IN  DISPLACING  THE  RECOILING  PARTS 
If  we  designate  the  weight  and  mass  of  the  recoiling  parts  by 
qq  and  M,  respectively,  and  the  velocity  by  V,  the  work  done  in  moving 
the  recoiling  parts  will  be  expressed  in  the  form: 


E5  * 


MV 


9©v 

TT 


349 
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The  mass  M is  known,  whereas  the  velocity  of  recoil  V can  be 
found  from  the  theorem  of  conservation  of  momentum  of  the  system 
barrel-cbarge-p  ro jec  tile  which  is  subjected  to  the  action  o. 

f orces  . 

However , it  is  first  necessary  to  find  an  expression  for  the 
absolute  velocity  of  the  projectile  v&  (with  respect  to  the  ground) 
and  for  the  average  velocity  of  the  charge  v„,  portions  of  wuich  move 
behind  the  projectile  and  behind  the  barrel  ttselt. 


via  108  - Uiagra®  of  the  Ois  t r lbu  l ion  of  (>as 
^Velocities  When  the  Barrel  is  Hrcotled 

iy  chamber  base.  2)  projectile  base. 

In  order  to  determine  the  average  absolute  velocity  v ^ >1 

charge , we  shall  assume,  as  before,  thav  the  mass  o.  the  charge  Is 

distributed  uniformly  in  the  initial  air  space  at  eacn  given  instant 

and  that  the  velocity  v changes  linearly  from  V at  the  base  of  the 

chamber  to  v#  at  the  base  of  the  projectile,  whereby 

V|  - V - Vr 

.here  v l.  the  relative  velocity  of  the  projectile  la  the  bore  of  the 
gun  barrel  (fig.  108) . 

lf  the  velocity  of  the  elements  of  the  charge  varies  linearly,  the 


snxi 
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I 


Replacing  the  masses  by  their  weights^  we  get 


F,  - J- 

=>  Qo 


I . 1 cj  \ 

i1  + t_iL 

q ou\ 

qT  + 


BV 

~2  ~ 


1 he  factor  at  is  the  coefficient  k,: 

2 J 


- V2 

q / 


q 

Qo 


— ) 

■'fo  / 


The  factor  k5  depends  in  the  main  on  the  ratio  between  tne  weight 
of  the  projectile  q and  the  weight  of  the  recoiling  parts  Qq  ; the 
second  factor  incorporates  only  a small  change  in  this  ratio.  An 


approximate  expression  can  be  used  in  actual  practice.  Inasmuch  as 

1 - wo  \ ^ 

as  well  as  — { — i are  small  and  approximately  equal  to 
4 \ q / 


q ^ uf 

Qo  Qo 

eac  h other , 


q 

Qo 


\ 


q / 
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♦ JL  * 

2 


II  *♦-  H’ 
2 


/ 1 cO 

% i1  + T qV 


The  coefficient  k&  characterizing  the  relative  work  of  recoil  is 
higher  for  howitzers  than  for  cannon,  because  for  the  same  caliber 
and  projectile  weight  the  weight  of  the  recoiling  parts  is 

considerably  smaller  on  howitzers  than  on  cannon  of  the  same  caliber. 

O.  SUMMATION  OF  THE  AUXILIARY  WORK  DONE 
Upon  invest igat log  the  auxiliary  work  items  involved  and  determining 

a general  expression  for  each  in  v he  lorm 

2 


E • k 

ti  » 2 


ki*l* 


an  expression  can  be  compiled  for  expressing  the  total  work  done  in 
the  energy  equilibrium  equation: 


f_0  v_  PS(1T  - 
Q © 


- El  + E2  > F.3  e4  + E5  * Ifci' 


whereby 


IE4  - Ewd  ♦ kQ  ♦ k3  ♦ k4  + k$) 


The  aua  in  parenthesis  is  usually  denoted  by  «?  : 

*?-  1 + k2  ♦ k3  ♦ 


*-  * ♦ (i)  2 » - (4)  * vi  *“  a + t 7 * *7  (l  * t)  ' 

Thus  ths  total  exterior  work  done  by  the  gases  when  s shot  is  firsd 
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where  Is  a coefficient  representing  the  auxiliary  or  secondary  work 


Upon  determining  when  performing  the  necessary  transformations 

for  the  solution  of  the  fundamental  problem  of  py rodynaiics , the  sum 

of  the  work  E . . . K in  the  right  side  of  the  equation  may  De  omitted 
i 3 2 

and  replaced  by  the  coefficient  is  the  coefficient  representing 

the  secondary  or  auxiliary  work  items  involved.  Li  increases  in  the 

main  with  the  increase  of  the  relative  weight  of  the  charge  ^ q. 


In  such  cases  where  design  data  on  the  gun  rilling  are  not 
available,  is  calculated  by  means  of  simplified  formulas. 

For  example.  Prof.  V.F..  Slukhotsky  offers  the  lollowing  general 
expression  for  : 

<f-  K + JL  2f£t 

3 q 

by  introducing  into  K the  sum  of  .11  the  kJ  s except  k^,  which  is 
separately  expressed  by  • The  value  of  K varies  with  the  type 

of  gun  : 

for  howitzers K * 

for  medium-power  cannon K • I .04-1  .Ob 

for  high-power  cannon K “ 1.03 

for  small  arms K “ 1.10 

The  difference  in  the  value  of  the  K.  coefficient  for  cannon  and 
howitzers  is  mainly  obtained  because  of  the  work  done  by  the  recoil 
(k5  coefficient) : 

Sugot,  offers  the  following  expression  for«f  : 
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1-05{1  + 7 t)  ' 

CHAPTER  b_-  SUPPLEMENTARY  PKOBLEHS 

thk  PRESSURES  EXERTED  ON  THE  BASE 
l-  R£U0KrI0«  AN5  m BASE  OF  THE  PROJECTILE 

,hen  the  p ro  jec  tile  moves  under  the  ,cU..  of  - — — 
the  pressure  In  the  uutt,  m .p.c.  » not  uniform.  because  the  Rases 

are  ru  ,oUO„  and  move  with  v.rymg  rates  of  speed. 

ln  order  to  determine  the  pressure  exerted  on  the  base  of 

. thp  b0re  let  us  consider  t»o  sections  of  the 
shell  and  the  base  of  the  boro, 

at  base  of  tr.e  bore  and  t ne  base  of  the  sue.  , 
initial  air  space:  at  base  oi 

f notion  of  the  masses  located  to  one  side 
and  construct  an  equation  of  motion  o. 

(to  the  right)  of  these  sections. 

Then  the  projectile  of  mass  a.  under  the  action  of  force  Pc„s 

..  ■■  n — »• 

,„r  ...  ..coo.  ...  ....  •<  >»*  — .o  ....  - 

t will  be  written  as  follows, 
forces  taken  fnto  account,  .111 

PCH8  ” ^l"J‘ 

O at  the  base  of  the  shell  will  Impart  an 

The  g»s  pressure 

....  to  the  right  of  this  section,  between  tbe  b.se  of  tbe  bore  an 
thc  bsse  of  the  projectile.  Therefore  the  equ.tlon  of  motion  at 

section  *111  »>e  written  thus: 

PaH»  - «l“J  + ^3' 

.....  »>  •“  «•-  *“  *,,U 

unburned  portion  of  the  powder). 
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1 - Bean  acceleration  of  the  charge  a.oviug  with  a varying  velocity 

J3 

Iron  one  layer  to  another. 

Dividing  these  equations  ter*  by  ter*,  we  get: 


paH  - pch  { 


/■  . “A. 

V .A  4 


PCH 


; . ii'N  . 

"iV 


The  ratio  between  the  accelerations  developed  b>  the  charge  and 
the  projectile  is  governed  by  the  nypothesis  applied  with  regard  to 
the  dlHtnbut ion  of  the  mass  of  the  charge  in  the  initial  air  space 
and  by  the  law  of  the  change  of  accelerations  at  the  various  sections 

of  the  space. 

If  the  law  governing  the  gas  velocity  change  is  linear,  the  ratio 
j /j  equals  0.5  and  this  magnitude,  usually  called  the  plooer 

coefficient,  is  the  one  used  in  most  textbooks  on  the  subject. 

The  problem  dealing  with  the  distribution  of  gas  pressure  in  the 
initial  air  space  is  analysed  in  great  detail  by  Prof.  l.P.  Crave 
yfis_7  and,  recently,  by  Asst.  Prof.  P.N.  Shkvoralkov  [ij  who  gives 
a solution  to  this  problem  based  on  the  assumptions  commonly  used  in 
gas  dynamics  with  relation  to  gas  motion  under  condition  of  uniform 
density  of  the  mixture  of  gas  and  unburned  portion  of  powder  at  a given 
position  of  the  projectile  in  the  bore.  All  the  relations  are  derived 
from  the  fundamental  equations  of  motion  of  the  poeder  ganea  and  the 
burning  charge  which,  in  turn,  are  obtained  from  the  general  equations 
of  gas  dynamics  for  a one-dimensional  unstable  gas  motion. 

The  fundamental  formulas  developed  by  P.K.  Shkwomikov  follow. 
Vi*g  thw  designations : 

v - relative  velocity  of  projectile; 

356 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


vft  - absolute  velocity  of  projectile; 
V - velocity  of  recoiling  parts; 
q - weight  of  projectile; 

- weight  of  recoiling  parts; 


^ and  ^ - coefficients  representing  the  resistances  encountered  by 
the  projectile  in  taoving  through  the  gun  bore  and  by  the 


recoiling  parts. 
Introducing  the  designation 

1 

i#  Q 4-  iO 

i 2 


*2QU 


t hen 


V - iv 


1 ♦ t 


and 


1 ♦ 1 


The  relation  between  p^  and  PCH(*)  "i11  be  expressed  by  the 


forault : 


(•)  p^H  - pressure  at  base  of  bore;  pCH  - pressure  at  base  of  projectile 
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D . p [i  ♦ o.5  — o - *> 

PCH  | *1*1 

. »,  rhf  base  of  the  bore  but, 

The  .«!.«.  pressure  develops  not  at  the  ba 

_ l _ ^ #t  the  section  where  the  absolu  e 
rather,  at  a distance  %m  \ + i 

velocity  of  the  powdor  gvoos  >•  v,  ~ °' 

„ dovt.to.  Id.  rood.......  * “J 

.ssu.ing  that  pw  - - — - ««  ^ ^ ial 

a certain  .e,n  pressure  which  is  identical  at  P<>'-  ^ *“* 

air  space;  It  is  as.u.ed  thereby  that  the  powder  burns  under  preo  > 

such  a pressure.  The  relation  between  p,  PCH  and  Pftii 


following  form: 


!i  ♦ 


p - p 


- — (i  -Vi 

^CH  I * 3 <o  q \ 2/  ! 

I 1 / \ 

‘ * i $ (‘  ■ 


AH 


i ♦ -1  — u - i) 


2 fib 


.••1  w.reel  1 - 0 and  the  foraulia  are  slapHHed; 

For  a recoiiles*  barrel 

' • * -5  v)  ’ 

Multiplying  both  part,  of  this  equation  by^j.  ««  get; 

/ 1 u>\  - d (1  ♦ k~  ♦ *3  ♦ *4>  • 

<ftp  - pCH  (*i + t cu 

Hence,  If  « dl.r.g.rd  the  wort  don.  In  recoiling  the  barrel. 
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PCH  _ £_' 

^fPcH  OF  fl  T 


1B  such  a case  the  e,u. 


. .4ie’s  potion 

tion  of  the  projectil 


dV 

SPCH  * dt 


nil  be  equa 


* * on  of  the  pro 

l to  the  equatiou 


jec  tile’s  » 


.....  P - — » «“  lol„  •»  >“ 

a coefficient  which 


to  consider  P *nd  T 


nv rodvna»ics 

equations  of  P>ro  - 


ps(  t v - £’  -f“'Y 


i ...  „ ... — - 

f dv  i0  nv  — : 


ps  - 'f* 


or  P»  - ^-V 


— - -:z :“s:zzz. 

Us>.  -ht.h  i.  «-*•«-  - — 

for  eaaaoa  and  ^ ll#„  ^ -1.07. 

1 05  for  sr»or-pt*rcl“*  u 1 of  ths  nosing 

bullaW*!  “ l*  ' on  tho  distribution  of 

Tb.  cos«tcl..t  1 — - ..  b.  con.lO.r.0  to  - 

....  u ...  »•«-  — -c 
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iff 


equal  to: 

i . 0.0015  for  rifles  and  machine  guns. 

1 . 0.0030  for  antitank  guns 

! - 0.020  for  cannon 

1 _ 0.035  for  howitzers 

This  data  was  arrived  at  fro,  U,  analysts  of  tie  -suits  obtained 
by  p.,.  Shkvorn lkov  for  so.,  of  our  (Russian,  artillery  system  and 

small  arms. 

2 . HEAT  LOST  TO  THE  BARREL  walls  THROVCH  HF.A1  TRANSFER 

, . ,,,  t i...  wills  of  the  barrel  when 

When  considering  the  heat  lost  to  the  wall 

, shall  take  into  account  the  heat  transfer  resulting 

a gun  is  fired,  we  shall  take 


the  direct  contact  of  the  hot  gasci 


with  the  cold  walls  of  the 


gun  barrel;  we  shall  not  consider  ihe  healing  of  the  walls  ue  to 
sechan leal  reason,  (energy  of  translation  of  projectile,  friction  y 

the  rotating  hand,  and  defor-.tion  of  barren. 

The  data  entering  these  calculations  were  presented  in  Part 

of  this  hook.  The  basic  allowance  used  is  the  s.*e  as  that  assu.ed 

in  cosput  ing  the  heat  transited  to  the  walls  of  a sanoaetric  bob. 

nasely , that  the  heat  loss  a.  proportional  to  the  number  of  ispacts 

„.d«  by  the  solecules  ag.m.t  the  w.ll  of  the  bosh,  which  in  turn 

e . , . . on  jrfpdt,  where  I is  the  surface 

depends  on  Z.  p and  t,  !•«.,  on  f.  J P . 

tret  of  the  bore. 

However,  whereas  the  are.  5,  —ala.  con.t.nt  in  . bosh, 
warlee  fro.  the  chasber  area  X0  to  area  *g„  of  the  entire  barrel 
surface.  The  chasb.r  are.  1.  con.t.ntl,  subjected  to  the  action  of 
th.  .....  and  thus  take.  «P  - Portion  of  the  beat  energy,  whereas  the 
area  of  the  rifled  portion  of  the  bore  participates  In  the  cooling  o 
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the  gases  only  while  the  projectile  is  in  motion  and  thus  gradually 
tends  to  increase  the  initial  air  space.  The  nearer  the  rifled 
portion  to  the  nuzzle,  the  shorter  will  be  the  period  during  which  it 
will  be  subjected  to  the  action  of  the  gases,  and  the  less  heat  will 
it  take  up  when  a shot  is  fired. 

U ter  the  projectile’s  departure,  the  heat  transfer  to  the  walls 
continues  along  the  entire  area  ol  the  bore  at  a constantly  decreasing 
pressure,  but  inasmuch  as  this  heat  transfer  no  longer  affects  the 
actual  shot  (reduced  pressure  and  velocity),  we  snail  not  consider  it 
lor  the  time  being. 

In  order  to  take  into  account  the  effect  of  heat  transfer  when 
a shot  is  fired,  it  is  first  necessary  to  determine  by  means  of  bomb 
tests  the  time  t it  takes  for  the  powder  to  burn  at  A-  0.20,  and 
also  the  coefficient  from  the  Mulraur  C curve. 


Fig.  109  - Heat-Transfer  D 1 ag raw  According 
to  Miuraur 

If  the  powder  were  burned  in  the  chamber  at  constant  initial 
charge  density A q*  the  correction  for  hest  transfer  would  be  deteraiined 
by  the  following  formula: 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


(>) 


CM  Jo  1 

7.774  «n  d. 


where  TQ  is  the  chamber  surface  area  and  ^ 


£ ls  the  length,  and  D is  the  mean  diameter  of  the  chamber. 
u“he  powder  had  burned  all  the  tine  throughout  the  entire  bore 


space  at  a loading  density  oi  J 


KH  * - stf. 

0 A 


iie  loss  would  be 


expressed  by  the  formul; 


ft 


-here  TKH  is  l»-  surface  area  of  the  .hole  bore. 


Actually,  the  loss  suffered  when  a shot  is  i i * «• d 
between  these  two  values,  and  in  order  to  account  for  same  .nen  the 
pressure  and  the  cooling  surface  of  the  bore  change  simultaneously, 
these  changes  -hose  increments  are  proportional  to  the  P.th  traversed 

by  the  project  tie  must  be  known  as  a function  of  time. 

. e-  t or  7 L curves  at  his  disposal,  Muiraur 

With  the  p,  t and  T,  t or  A* , v cui 

suggested  the  following  -ethod  for  determining  losses  due  to  heat 
The  p,  t (1)  and  — . t(II)  curves  are  plotted  on  the  same 

5Tj£H 

disgrs.  (Mg-  109);  point  C represents  the  end  of  burning  of  the  powder 

The  .re.  of  the  pre.sure  curw.  Op^.P^'O  correspond,  to  l*  - 
■ ^ pdt  obtsined  fro.  bosb  tests;  the  »re«  C'p^P^C  " *11  correspond. 
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to  the  additional  cooling  which  would  obtain  in  the  second  period 
.iter  the  end  of  burning  of  the  powder  Juat  before  the  projectile 

leaves  the  barrel . 

„ the  surface  area  were  constant,  the  right  side  of  the  equation 
would  have  to  be  multiplied  by  the  area  ratio  in  order  to  take  the 
heat  transfer  into  account: 

°PQP,Pflc' 0 _ 3K  * *11  . y 

OPoPb^0’0  ’K 


But  since  the  area  varies  from  the  relative  value  — to  1 - 

1 KH 

Is H act  rd ing  to  the  1a.  expressed  by  curve  II,  a correction  must  be 

introduced  into  formula  (70)  by  -implying  the  ordinates  of  curve  I 
by  the  ordinates  of  curve  II;  the  obtained  products  are  given  in  the 

for®  of  curve  111- 

The  ratio  of  the  area  OABp^C  'O  - \ to  1R  -11  then  show 

the  part  of  the  losses  computed  by  means  of  formula  (70)  that  must 

be  tkken  in  order  to  determine  the  loss  obtained  due  to  the  simultaneous 

. t nrMHure.  Miuraur  had  found  that  this 
change  of  the  area  and  the  pressure. 

ratio  aust  be  equal  to  0.43*0.46. 

Thu.  the  loss  due  to  heat  transfer  and  the  relative  drop  in 

temperature  due  to  thi.  los.  -ill  be  expressed  by  the  following  formuls: 


V 

_hT.  _ c“_  *52  — — f r— pdt. 

T * 7.774  *gjj  AA  **  1 

o 


Th.  losses  co.putcd  In  this  -snn.r  for  w.rlou.  -..pons  -ount  to 

I 
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1%  in  the  case  of  a 152-aa  cannon  and  to  about  15%  for  a rifle. 

Therefore  cooling  through  the  vails  when  a shot  is  fired  varies 
vithin  very  vide  limits  and  amounts  to  from  1 to  15%  of  the  total 
heat  energy;  thus  vhereas  an  error  of  1%  could  be  disregarded,  no 
such  allovance  can  be  made  in  the  case  of  a 15“  error,  and  the  latter 
error  must  therefore  be  accounted  for. 

The  method  used  by  Mluraur  for  determining  losses  incurred  during 
ft  shot  requires  the  availability  of  pressure  and  distance  or  path 
curves  as  r function  of  time,  wmch  data  are  usually  obtained  b)  means 
of  numerical  integration  or  from  AH.*/  (ANI1)  or  "'AY  (GAl)  tables. 

The  author  had  shown  that  the  heat  lost  to  the  vails  of  the  barrel 
can  be  calculated  also  in  the  absence  of  the  p and  1 curves  as  a function 
of  t 1 me . 

Bearing  in  mind  that  - W pdt  - dl  , the  above 

formula  can  be  rewritten  thus: 


j__  dl_ 
^0  1 K 


But  from  the  equation  of  motion 


fadv  - spdt  - &dlv 


_ 3s 


,“dV’  - **■  vi  - «■  vK), 


where  is  the  velocity  the  projectile  would  have  attained  if  it 
had  started  to  move  aa  if  there  were  no  rifling  at  the  instant  a 
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portion  of  the  charge  is  burned,  corresponding  to  the  true  pressure. 


s 

ipn 


1 


s 

vfUt 


To 

f 


pdt  . 


0 


This  value  serves  as  a means  for  determining  the  heat  lost 
in  the  chamber  due  to  transfer  before  the  projectile  starts  moving. 


dl 


The  ratio  — ^ can  be  replaced  bv  the  ratio 


I represents  the  total  surface  area  of  the  chamber  1 


and 


KH  0 

of  the  rifled  portion  of  the  bore  where  ti"  is.  the  reduced 

diameter  of  the  circle  having  the  same  perimeter  as  the  perimeter 

of  the  cross  section  of  the  bore  including  me  rifling  bores.  If 

the  number  of  grooves  is  u,  and  their  depth  is  t^, 

t . . .. 


ltd" 


(d  4-  tH) 


2n  t , 


n d 


i - 


Inasmuch  as  in  the  barrels  of  artillery  pieces,  tH  - 0.01-0. 02a, 
d”  - d/~  1 * (0 .01  . . .0  .02)  ( 1 ^ 0 . b4n  > 


when  n - 28 . 


dr*  - d/  1 «•  (0.01  . . .0.02U8.9  7 - d ri.l9...1.38_7  - d/^I  + ^7. 


The  Duitrala  in  parenthesis  show  that  the  increase  of  the  cooling 
surface  due  to  the  presence  of  rifling  is  very  great  and  becomes 

greater  with  the  increase  of  n and  tQ/d. 
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Inasmuch  as  the  mean  diameter 


of  the  powder  chamber  is 


U - d v % ■ 


where  "X  - ^ Ul«  * 

a-KH 


i den  inn  coefficient  of  the 


» chamber  greater  than 


f/i  * 4 -r-  C 1 * V7 


r0  - ^ 2 7d"~  ‘ r * 2 iK“ 


As sum  1 uk  *°r 


v hi*  saKi*  of  sic-pl  it 


sic.pl  lrlts  that 


■ .,7  } ,S>  f - ’I-7’ 


,bere  0 - B 1S  '"‘t  Ul„  wnd  a„d  at  an  inter- 

for  tne  areas  of  the  bore  at  the  start,  at 


„ ...or,.  — ■"  «•»  w~ 

•»  r n n inter- 


cedUte  instant: 


x0  - "<H>  - V V 

IKH  - trdU  ♦ V<lo  + V ; 

Y_  - «d(l  ♦ d1>  (i0  * * ) ; 

I io  . p . . AJjL  . 

TS  * ~~£T  ’ + ^ «o  + £a 


4 41_  .nd  X 1-  formula  (721  b>  their  corre.ponding 

...  proj.cn.  “ *“  ro": 
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<=.  r.  f Is i V is  f “o  <t)- 

7.774  \ io  It  7‘774  <"  i Iq<v^  + vK) 


io  tnis  n.ust  be  added  tne  heat  looses  id  Uh*  c hau.be  r Uuiiu^;  luv 


preliminary  period, 


determined  b>  trie  ahau^ou.**  formula 


M 2 U 0 


CM  Vo 


7.774  lK  7.774  U>  ^(v{‘(  * v^J 

Add  1 UK  formulas  (73)  and  (74),  we  <et  an  expression  for  the  fcas 
L»rature  drop  occurring  while  tne  projectile  is  m motion  due  to 


heat  lost  to  the  walls: 


' a x % - — 


to<v(i  - v).  ) fdv 


7.774  - 0(v-  * vK1 


c*  Jo 

7.774  cl) 


Vj  . (76) 


Prior  to  the  start  of  motion,  v - 0 , and  expression  (r5)  is 
transformed  into  (70).  Prior  to  the  end  of  travel  in  the  bore,  v - , 


so  that: 


<o<v6  * V + $ 


* A 

) ♦ C £dv 


vo  A j c y 

CM  ^0  0 U l0\ 


7.774  u> 


«0lv0  + VK) 


. JL2V 

7.774  w 


A curve  depicting  the  velocities  of  the  projectile  as  a function 
of  the  traversed  path  X is  adequate  for  the  purpose  of  calculating  this 


Ths  v diagram  in  fig.  110  constructed  by  the  author  Indicates 


SifXi 
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that  represents  a ratio  of  the  areas 

area  aoefhda 


area  abed 


the  recltug  1 e aghd  cl,.r.ct.r«..  the  loss  incurred  in  the  -amber.  the 
area  of  the  curvilinear  figure  o*fg  represents  the  loss  in  the  rifled 
portion  of  the  barrel,  and  the  rectangle  aokd  represents  the  loss  in 
the  preliminary  period. 

The  factor  ^ represents  the  ratio  between  me  total  neat  lost 
to  the  ..11.  of  the  entire  bore,  which  takes  into  account  the  fact 
that  the  rifled  portion  enters  into  action  gradually,  as  the  projectile 
noves  through  It.  and  the  heat  lost  in  tne  chamber  at  the  end  of  burning 
of  the  powder;  the  area  of  the  cha.ber  includes  the  area  of  the  base 
of  the  projectile. 

By  analogy , the  coefficient  ^ characterizes  the  heat  transfer 
at  a Riven  tine. 

When  computing  the  c ross-ha tc hed  area  in  fig.  110,  v is  the 
independent  variable  and  L is  the  dependent  one.  But  the  situation 
will  not  change  If  we  were  to  turn  the  graph  around  in  such  a -ay 
„ to  obtain  an  ordinary  curve  of  velocities  v as  a function  of  the 
path  t . In  such  a case  we  would  have  a v,  t graph  (fig.  HD  Instead 
of  anX,  v graph,  wherein  the  cro.»-hatched  area  lies  above  the  v,  i 
curve.  The  numerical  value,  of  and  *111  re.«ln  the  ■»*,  but 


d„.  to  the  change  of  the  coordinate,  the  expr...lon  for  the  are.  in 
tbt  nunemtor  will  be  different: 


368 
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r , . 1 ■■  o o 

titbu-  r K 5,  2 j - 


I i v t ab  1 ojl 

^ b .TiT 


On  the  Danis  of  the  constants  assumed 


in  the  AS  1 1 tables 


/ 2 <%  _ i (»rv-  i ' { it  • yob  arid 

*5,000  kg-a-Ag;  K - *-bl  & sec  V1 

v table  */aec 
955  /B 
Therefore 


V — L" p (1  * A)vtable 

1 955  /B 


A* 

>1  - —2 t—  U ♦ ^ >vt.ble  - \ 

955  yB  J . 


v table 


Incorpor.tin,  tbe.e  expre..io».  in  formal..  (75)  (76).  •« 

.HI  find  tb.  b..t  tr.n.Xor  lo....  Incurr.d  -ben  . .bot  1.  fired  fro. 


the  AHH  UblM. 
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, rh.r-e  is  decreased,  the 

This  table  shows  that  sbeu  tie  the  barrel  length 

. i, M t'l ►-*  rc 6iit  c 

18  increased  to  .0  calibers,  • thr  drop  in  temperature  at 

to  2.3  and  3.1.  «b>»  ^ ^ ^ ^ inrreased  cooling  surface 

the  end  of  burning  heco.es  greater  **  ^ards  the  nurrle  (see 

area , because  the  end  of  -ruing  is  - 

line  *„  ♦ *0>  * . lt  cithers  nave  shown  that 


K ul  differeu 

Calculations  for  systw  - ,OSSes  decease  because 

hen  the  caliber  is  increased  the  beat  t.  ^ iiicr_„  C« 


when  the  caliber  is  increase  increase  of  C 

, rf  ±M  and  not.imsta..d,uk 

of  the  reduced  va-ue  »u  ^ po.der« . ^ fluctuates 

which  increases  slowl>  m l,lt‘  caS"  ^ loss  ln  , rifle  amounts 

between  the  H—  uuc  1 ng  correspondingly  the  powder 

a fOT*  1)  V 

to  101  *nd  *usl  b‘'  aCl-OUt"‘,  temperature  of  the  powder  were 

If  tne  burning  temp*  r. 

energy  f - RTj.  l*e-'  ?l>  tn.  in  caliber,  the  energy 

reduced.  For  guns  varying  from.  ^ hc,t  transfer  may  be 

determined  in  bomb  without  correction  gained  in  such  guns 


COUBlu''* 

W ,K«  are  about  the  same  (2-311  . 
mQd  in  bombs  are 
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v phenomena  associated  ..th 

section  V - P*  * * 8 c H A a o * 


GENERAL  COMMENTS 

« . — .« »—*  ”t“', 

ol  the  problem  dealing  with  the  motion  of  the  projectl  P ^ 

ina tant  at  which  the  ba.e  of  the  shell  traverses  the  muxr  e 

,S'  „„„„  ...  ..... 

However,  the  projectile  and  the 

the  projectiles  departure  fro-  the  bore.  bo 

. of  t ia«  th*  80-c»ll®<l  after 

. rarttin  period  of  ti»« 

parrel  experience  contln..d  B,a  re  exerted 

whlle  lt  t-  possible  to 

on  both  the  projectile  and  the  barre  • pre,.ur.. 

approximate ly  d.t.r.ine  th.  theoretical  relation  between  t Pe  u 

- - - - “•  ~ ;rr\::.r.:r.:;: - 

.... ...  - — 

:n ..... ... ....... ... 

on  th.  projectile  for  a certain  period  of  tl-e. 

conditions  differ!..  —ply  fro.  the  conditions  to  which  th.  gas. 

.till  re— ainlog  in  the  barrel  are  subjected. 

Th.  .....  re— ainln*  in  th.  barrel  continue  in  their  -otlon  along 

th.  axis  of  th.  bore  fro.  the  b...  of  the  barrel  to  it.  — f~  - 

n.d  upon  l.awin*  the  bore  cc c.  to  ^ 

^ ruction  inpnrtn  additional 

. The  raaultin*  rtac^io* 

basic  direction  of  -otio*.  Tb  recoil 

acceleration  to  the  recolll.*  b«r.l  and  tb.  BP* 

obtaiaa  aft.r  tba  project lie’-  dapartnra  fro-  tho  barr. 

» «-  “r“ 

the  bbtire  departure,  o 


the  eat  ire  -aae  of  «aaee  geaerated  by  tn-  * • - %*| 

tio.  oa  tb.  barrel • After  tb.  projectile’.  departure,  o.ly  H 

♦ha  raaction  on  tno  ^ 

373  ^ 
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the  central  portion  of  the  gases  which  had  retained  its  axial  notion 
along  the  bore  continues  to  react  on  the  base  of  the  barrel;  the 
greater  portion  of  the  gas  either  temporarily  overtakes  the  projectile 
or  is  dissipated  laterally  in  the  fora  of  a gas  cloud.  Inasauch  as 
the  density  of  the  gas  discharge  rapidly  drops  as  the  gases  expand, 
the  gases  lose  speed  very  rapidly  and  fall  behind  the  projectile. 
Nevertheless,  the  projectiles  speed  will  continue  to  increase  some- 
what even  while  the  gases  are  lagging  behind  it.  During  this  period 
the  fuze  aechanisas  are  triggered  and  go  into  action.  A study  of 
the  projectile's  motion  after  its  departure  from  the  bore  constitutes 
one  of  the  problems  of  internal  ballistics. 

The  period  of  gas  afler-ictton,  or  the  third  period,  which  is 
a direct  continuation  of  the  shot  phenomenon  accompanied  b>  gas 
discharge  from  the  gun  barrel,  constitutes  a problem  involving  the 
derivation  of  special  fundamental  relations  for  its  solution.  This, 
in  turn,  requires  a knowledge  of  the  fundamental  laws  of  gas  discharge. 

General  relations  of  gas  dynamics  are  also  required  for  the 
solution  of  special  problems  arising  from  the  complex  structure  of 
artillery  weapons  and  with  the  appearance  of  new  systems,  in  which 
the  gases  are  discharged  from  ports  of  various  types. 

Such  systems  may  include: 

1)  Automatic  weapons  in  which  the  gases  are  discharged  from 
the  bore  before  the  projectile's  departure,  or  guns  with  muzzle 
attachments . 

2)  Weapons  with  separate  powder  chambers  with  gas  discharge 
through  a single  or  nultipie  nozzles  (weapons  operating  on  the 
principle  of  gas  dynamics  or  hydrodynamics). 
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/ 


W 


u ,hich  lhe  gases  are  discharged  through 
3)  Recoil  less  gun.  - m *hich  8 

*■  ih~"‘"tb  # 

.«■ »>  "•••“•  ~ •“  **“■  ° 

brake  the  recoil  and  reduce  the  recoiling  spee 
p.ss.ge,ays  drake  ^ of  tbe  gases  overtakes 

S>  Mine  throwers  , in  which  f 

hue  It  is  — ov  1 ng  through  the  bote;  special  sine  -overs 

thC  "ln*  ’ ned  valve  in  which  a portion  of  the  gases  Is 

with  a r— otely  controlled  valve, 

h the  valve  and  does  not  participate  in 
discharged  through  th  ^ provided  with 

exerted  on  the  -me;  further-ore,  -tne  t row 

exeri,Q  containing  the 

a am.fi  from  the  inner  chaaoer, 

.eans  for  discharging  containing  additional 

tail  cartridge  and  the  -am  charge,  into 

Ch‘r‘*'  , ho.be  with  nozzles  used  for  studying  the 

6)  Special  -ano-etnc  bo.bs  with 

bv  -eans  of  gas  discharge  through  a nozzle, 
powder  burning  phenomenon  b>  -eans 

7>  Rocket  chamber  discharged  through 

.n  ...  *“  •"  “ „ r >0 

:::: 

— - ~~  r.  r:i ... 

*** ,b,,r .u 

“ “ " - — — — 

- - nir : 

1.  RAT*  OF  GAS  DISCHARGE 
Using  the  designations; 

, __  th.  coordinate  axes; 

0,  T.  * - **■  *el~“‘**  P«■0J•ct•,1  OB  th* 
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x,  t.  , - projection  or  extern!  volu.e  forces  on  the  sa.e  axee; 
p.  . density  of  • unit  -ns  of  gas; 
p - pressure, 

then  the  funda.ent.l  Euler  s elation  of  h ydrody n.etc s -ath  respect 
to  the  x-.xis  -ill  read  as  follo-s: 


U v * 

W — c — - X - — T 

f 


, to  the  other  axes. 

and  will  he  analogous  in  character 

_ . NinKle~(it  secs  l ons  1 

„„  .hall  consider  the  gas  d.sch.rge  as  » stngle 

4 • x axis  due  to  pressure  difference, 

notion  in  the  direction  of  the  x-ax 

in  the  absence  of  external  forces  (X  - or. 


as.  . « . . -is  - - 4 -H- 

dt  dl  3 ’ 


, .„d  V for  a stabilized  .otion  do  not  depend 

The  values  o f p and  U tor  #(J 

on  t and  are  functions  of  x only.  In  this  case  Jt  - 

dU  1 dP 

U “di  “ ' 7 d* 


l£_  - UdU  • il  C 

r’ 


U.  f •»  f “* 

MU1M  »•  •»«*  f " ° 

|U,  we  gmt: 
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- wdp  - d 

2g 


(79) 


„ „ «b.  •*•«*>*«  *”a  io 

rrc  «...  «•  « ->•  ’*■ 


PI 


,2 


wdp  - 


wdp 


(80  , 


2g 


. - - - . « >“ — '*•“  ■■  7.:;;;::: 

..  .».n  >»• 

..,.b...b  proc. 


p-*  - - const. 


whs  nee 


Substituting  thi 

wm  gst  : 


. „prs..lon  in  ^.nntlon  (80)  snd  Integr.ting, 
V2  - V2 


-,PVk  r ^ - 


1 


,Vk 
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ThlB  1»  s.ut-v.n.nf.  for.ul*. 


„ ..  ...u~  that  Dl  - - — dlBCh‘r8e  16  ,r°“  ‘ VeCy 

~ ..  — f°r  tbe  veiocity  \[r 

g..  <U.c^  — * — - the  Ve88el  UOde 

pressure  Pi • 


U - 


k-l  * 


C 82  ) 


........ .... ”»«“» — ■■ 

n m 0 ve  Sill  hare: 
ficuui,  wen  P v • 

- \£-2l 


ViT^l  ^ 


11" 

_ ....  PM..C.  ....  V^.,  - V.®,  - C.  “ *“ 

" ,.  ...  ... <•  « •—  — 

~~ « - *“  — “““  “ 
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discharged.  Hence, 


«... 


?ig.  112  - Dependence  of  Velocity  of  Gas  Discharge  on  P/  Px 
Substituting  this  expression  In  elation  C82),  we  get: 


/ p_ 

V 1 ' ,Pi 


/ r k-1  k 

2 i - S- 

sm  pi 


, the  ,.locity  of  dlacharge  on  preaaur.  P or 
Tb*  dependence  of  the  Telocity 

, , . ns.  When  p - °»  u " Bsax- 

the  r.tio  p,px  1-  depict-  «•  mfl.xlon 

o decreases  and  has  a pom* 

the  beck  prennur.  P increa.e  . dl.Cber«e 

i it  bee  ones  iero,  i.e., 

<ocr . > *cr  > ; *“«>  P',,1  1 

. ..  .....  t.  th*  text. 


V*  shall  diacuae  the  ealuea  x< 


and  Ucr.  l*t*r  In  the  text. 


- — 

„ «. ......  .< 

..  — ».  r-  - • ' 

consnaptloa  per  seeoad  will  **•- 
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coast 


*»••«•'«*>  — 


— * . 

PI  cr'  ^ * \lia  value  ■ The  prewure  ratio  Pcr.  Pj.  *bict 

•ill  be  -ioi-“»  at  „ through  a unit 

# .trail  IB  minted*  and  the 

— — 

non  i.  called  the  critical  cro.a  section, 
and  the  cross  eectio  though  to  a seall 

, . x depends  on  the  polytropic  index.  thoug 

The  ealue  xcr . aepeo 

t hl#  Kives  the  values  of  *cr. 
degree  only.  The  following  table  giv 

relation  to  k (Table  27). 

Table  27  — 


k/k-1 


0.527 


0.546 


0.555 


0.565  0.585 


— "*  ~ / 2 in  forsuU  (82)  tor 

Substituting  the  ealue  *cr  . * ♦ 1/ 

, n.  « get  the  (following  expr.e- ion  for  the 
the  dl.ch.rge  weloclty.  w.  get  tn 

"critical"  g*»  velocity:  

°cr.  * n/SV1’1  * V^1' 

Thl.  Talus  approaches  th.  .P—  -°““d  l"  * lOC,t*d  ‘ 

~ — — — - — -qu*tio" 
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state  is  determined  by  the  values  and  *l . 


expression 


Since  from  the  adiabatic  equation  - Pcr."cr.  2 

salon  for  critical  velocity  vill  t*k«  »»  ihe  torm 


i'cr.  " ' ^Pcr/cr.  " ccr. 


x.e.,  the  critical  velocity  at  the  minimal  cross  section  at  the  point 
of  critical  pressure  equals  the  velocity  of  sound,  corresponding  to 
the  state  of  gas  at  this  critical  pressure.  This  velocity  is  shown 

in  fig.  112  in  the  for*  of  segment  Ucr  *t  *cr.- 

Having  determined  the  critical  pressure  and  velocity  of  the 
gases,  we  shall  oov  find  the  con.umptlon  through  the  smallest  cross 
section  (which  shall  de.ignat*  by  ..)•  To  do  this,  we  substitute 


in  the  right  side  of  formula  (84)  the  value 


pi  k-l/k 

* _*it.  Ji  1 - x 


Gsmc  " *m(,tcr.)  , k - 1 wi 


/ 2 \ 1 k l J2g*_  - K a - P-L-. 


*o  - \/r^  («TT/ 


.... ...  - \fffi  (rh) ,/k'1  “ * *3' 

o.  ...  «,  .*<«»■  — 11  ** 


Table  2B  (g  - OmZ—c*)- 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Table  28 


2gfc  / 2 \ 

V k + 1 V*  + v 


6.424 


— ...... ..  — - >»•  'or 

„ „„  M ........  ......... ... » — »■»  •-  •“ 

sec  w H^nl-CIDK  approx imate ly * 

expression  under  the  root  by  Pj.’  Kepl-cog. 

BT^  by  f,  w *et 

(85) 

«..c  - f-fVi  ■ A“-,V 

r<  A _ ^0_  is  a constant  depending  on  the  n.ture  of  the  gases  and 

W > . _ v is  a function  of  the 

V their  te.per.ture,  inasmuch  as  k is  ^n 

temperature . 

. 4.  the  ainlaal  cross  .action  of  the  gas  strea.,  which 

“ .ay  be  assumed  to  be  an  orifice  with  rounded  edge,  or 

tb.  -ini.ua  cross  section  in  the  Laval  noxxie, 

. , . the  <ra«e*  are  discharged  from 

Pl  is  the  pressure  at  which  the  gases 

the  vessel. 

Cl  1 1C  Lot  •'  *“  **  ’ ‘ 

,.11.  ........  1.  •“  ”r‘”  ' ““  ‘ 

«.  CMtllcUlt  . ...  — * ° #tl„ 

. - 0.001  lor  prro.l'1"  0--”  ' 

po^*«t»n..  ,rom  • ”’~1- "“ 

«... .. «... .. ...  — “•  t i”,“  “* 
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vessel  will  be  lower  than 

Hencw,  it  would  b«  -or*  corrwct  to  wtwtw 


, und  th.  v»lue  P,-!  - *T.  -h.r-  T 4 T» - 


w - vi  - rfe  s-p>  - 

VP^i  ^ 


where  X - T/T,  ^see  below). 


Table  29 


1,000, 000 

900.000 

850.000 


0.00622 
0 .00656 
0.00675 


800,000  0.00695 — — — 

~~~~~  3 ruLL  GAS  CONSUMPTION 

tinn  Y over  a period  t can  be  obtained  from 
The  full  gas  consumption  Y over  a pe 

the  expression 


0 . 00642 
0.00677 
0 . 00695 


0.00718 


0.00697 

0.00717 


0.00739 


G..C  dt 


We  proved  earlier  that 


°sec  " AW 


where  Pi  “ pres 


sure  in  the  vesee 


1 from  which  gas 


is  discharged; 


s - cross 


-sectional  area 


of  op* nine  or  orlflcw  through  which 


ths  gas  floss- 

- .ppir  thl.  for-ul.  to  . bo.b  with  a ..»U-  WhiCh 
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pressure  p 


1S  developed  eh.n  the  powder  is  burned,  then 


<W  ' A“-p' 


where  p - t » 


pdt  - At*  1, 


o.„M  «»  ...I"  “*  p”d"  “ ) "a*  ‘ “* 

...  ..u  '"“>a  P”d" 


will  be 


*•-*»  - A*> 


gaees  end  their  t.nperature  L~K  - *<*•  t)J,  the  thlchn.ee 

powder  end  It.  ret.  of  — - — '~I< * -“M~  ““  “ 

co.put.  in  advene,  the  con.unptlon  of  po.d.r  by  weight  during 

period  the  powder  1.  burned  In  the  cheeb.r  or  In  . bonb  with 
Thl.  formula  he.  been  ..  tie  fee  tori  ly  confirm  in  bonb  teete.  o 
which  the  etert  of  burning  of  cylindrical  gr.in.  with  very  nerro, 

perforation.  - 1 to  3 - 1.  — - ’•  “ ~~~ 

hg/cn*  ha.  been  inweetigatod. 
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*.  * dependence  «««««««  ™ CMM  SECTI°" 

If  th.  — - — > * —d  di¥erging  r;;1*’ 

th.  pressure  in  the  tion  of  n».  .Ill  — — the 

411  increase  The  pressure  magnitudes  at 
velocity  of  di.cbarg.  -ill  ulty  because 

sections  can  be  found  fro.  the  equation  of  continuity, 
v*riou*  . _ The  equation  of 

Ccr.  - <*..  -her.  Gx  is  th.  flo-  through  section  s. 


continuity  sill  be  written  in  the  fore: 


1 *-l  2gh  P1 

\/k  ♦ 1 "i 


and  according  to 


formula  (84) 


' fc  p 2 k/  k-l,^ 

•«u* _ . \ 2?L  . » \ 1 - * r 

~7~  “a  \ k - 1 W1  ' 


Equating  the  right  side,  of  these  ^u.tion.  and 
k . const  fro.  on.  -ectio.  to  another,  and  reducing  by  V « ^ ’ 


m the  book  by  Prof. 


r p graft.  Tmu *aM» »■  ... 

^idJU-ii..  3*-  Edition^  p.  »1T. 


M 
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V k + 1 


k ♦ 1 

nr 


Thi.  equality  gives  the  dependence  of  the  relative  pressure 
th.  region  back  of  the  eml.u.  cross  section  on  the  — cross 
section  of  the  nozxle  Upon  assigning  v.iues  of  * for  various 

value,  of  k,  • table  can  be  co.plled  for  the  vatues  of  a,  ...  according 
to  which  an  Inv.r.e  proble.  can  be  solved  ie-,  the  value  of  the 
ratio  x - P P,  (Table  30)  can  be  found  fro.  the  ratio  of  th.  cross 
section  of  th.  floe  at  a given  point  to  its  .lnl.nl  cross  section. 

Table  30  - Value,  of  -r  for  Various  x and  k > 

x 1 ! 1 7" "I  ' 77  ' r:  * 1/6  1 10  ! lTlS  1 1,  30  J 


TTTT^OIS  ; 1.762  , 2.-0  3.364  4.160 

2 1 1.010  1.143  1-309  j 1.477  2.640  | 2.260  2.967  3.625 

L‘aal  1 1.007  1.128  I 1.282  i 1.438  1.590  I 2.162  2.802  3.405 

13 1 1 1.005  1.U5  i.«*  i i a o7s ; 2 670 , 3 214 

i , i . -,t  i.«  LbiaJ 

n...,.,-  «•  <— • “*  ■"*“  “** 

increased  In  order  to  obtain  a 10-fold  presaur.  -crease  (at  b - 1- 

at  k - 1.25  and  a - 1/10,  «•  «•*  •*/*•  * *162' 
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5 EXPRESSION  rOR  DETERMINING  THE  REACTION  PRESSURE  DEVELOPED 
DOT?”  GAS  DISCHARGE  THROUGH  AN  OPENING  IN  THE  WALL  OF 
THE  VESSEL  (TRACTIVE  FORCE) 

L«t  us  iiiue  (fig-  113)  that  a gas  la  * closed  vessel  is  under 
pressure  p.  To  each  element  of  the  surface  s there  is  applied  a force 
sp  or  sip  - pa).  where  pm  is  atmospheric  pressure.  The  velocity  of 
the  gas  inside  the  vessel  is  U.  - o.  .hen  the  opening  of  area  s is 
opened,  the  gases  will  be  discharged  through  It,  and  the  vessel  will 
be  subjected  to  a reacting  force  composed  of  the  following  components: 


Tig.  113  - Diagram  of  Gas  Discharge  and  ths  Reaction  Pressure 

1)  The  force  R - sip  - P,)^»P.  acting  in  ail  directions  before 
the  orifice  1.  opened,  and  reacting  in  a direction  opposite  to  the 
floe  of  the  gases  -hen  a portion  of  the  wall  of  area  s disappears. 

2)  The  force  R . originating  in  consequence  of  the  gas  discharge 
through  orifice  s under  the  action  of  internal  force,  and  deter.ined 
on  the  basis  ol  the  nechanics  theory  concerned  with  sonentum  and 
force  iepulee. 

The  elementary  -as.  d.  discharged  through  are.  s during  ti-e  dt 
acquires  a velocity  U and  an  iocrenent  of  -omentum  d.U;  it  creates  a 
force  impulse  R’dt  In  the  reverse  direction: 


388 
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R dt  - d.U  - — sUdtU  - 

g * 


Th.  full  reaction  pressure  or  the  tractive  force  originating  upon 

the  discharge  of  gas  through  opening  s .HI  be  expressed  by  the  for.ula: 


R - R'  ♦ R ’ ” 


It  1.  assu-ed  thereby  that  the  gas  velocity  Inside  the  vessel 
is  UL  * O and  that  hence  no  change  in  gas  nosentus  take,  place  In 

a vessel  of  a sufficiently  large  capacity. 

If  vs  apply  this  formula  to  the  discharge  opening  of  a diverging 

tapsred  noxxle  of  cross  section  s.,  .hereby  p - p.  and  U - IT,  then 


R - * 


Replacing  G..c>  U.,  -a  «»d  p,  by  values  relating  to  the  -inl-u- 

cross  section  »,  and  internal  pressure  Pl.  « get.  on  the  basis  of 
formulas  (82)  aod  (86)(*): 


(•)  I.P,  Grav# 


"PimODmAlHCA”  (Pyrodyaaalca),  Part  III 
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iSBuaiBg  that 


t - * 


/ * \kA_1  . /^4  \/i  - *!"1/h 


k - 1 a 


\k  > 1 ) V * ~ 1 V 


The  coefficient  S for  . given  nozzle  depends  on  k only;  it  depends 
the  nature  of  the  po.d.r  only  to  the  extent  that  a deter.tnes  the 


value  of  k;  it  does  not  depend  on 


the  charging  density,  nor  on  the  value 


Lange v 1 n call,  this  coefficient  the  propulsive  action  coefficient, 
e absence  of  a nozzle,  and  if  only  an  opening  -ere  present  in  tb. 


In  the  absence 
wall,  then,  at 


would  obtain  . 

/ 2 \k/k-l  / k - 1 k * 1 \ 


-«  * 


If  tb*  nozzle  -ere  infinitely  Inr**  nnd  penal t ted  infinite 
divergence,  and  if  tb*  out* id*  prewar.  **r*  disregarded  <1*  otb*r 
wordm,  If  tb*  disc kaxg*  wrm  into  vacuus),  th*n: 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


■to,  following  t.blo  gl*e.  the  dependence  of  coefficient  C on 
the  ratio  between  the  dl.charg.  opening  di.neter  d*  and  the  dmweter 


of  minimum  cross  section  (Table  31). 


Table  31 


! .24  | 1.62  1.72  1 • *«  186  1 ' 


ft  can  b.  neen  fro.  the  table  that  aa  the  outfit  dta.et.r  of  the 
nozsle  increa-e-.  the  reaction  pr.a.ur.  mere....  rapidly  at  fir.t 
and  the.  -lower  and  .lower,  approaching  a.y.ptotic.ll,  the  w.lu. 

In  rochet  -hell,  it  1.  cu.to.ar,  to  t.h.  £ > 3 « order  not  be  ..he 
the  .bell  »nn.c...nrll,  heae,.  The  coefficient  < change,  wer,  little 

with  the  change  of  h. 

6 . FUMDAMXlfTAL  FORMULAS 

Th...  a.  • r—lt  of  applTi".  law.  of  «a.  dyna.lc,  the 
following  relation.  b.w.  e.tabli.hed. 


Gas  dlacharga  islocltj: 


(tr*  i 


- _ are  the  preoauxe  and  o.it  woluo.  of  §••••  in  th. 
whom  Px  »»d  Wj  nro  «».  prowwa- 

i ■ ...1  frn.  which  the  dlKtarga  tah^ 
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G*.  consumption  through  cross 


section  a Per 


second: 


G*ec  " As»Pl' 


«■  °* ,b*  l'  "d 


k - 1 * 8) ; 


x 0.007  for  pyroxylin  poeders; 

A 0.0065  for  nitroglycerine  posderb  . 

*rv. a am a consumption  In  time 


Y “ \ Wdl 


- As.  \ Pidt- 


If  the  g..«.  T.  in  the  res 


(el  in  consequence  of  poeder 


burning,  then 


pdt  - 07;  Y " A‘-  ui 


]•  full  gsu  consumption  during 


the  powder 


burning  period  is 


YK  * 7" 


reaction  force  of  the  di 


•charged  gaaea  ia 


a e.  -52S  0 ♦ »PX 


mh.r.  C 1-  th"  ib#W 

. V _ i * O Thus  the  basic  ralues  Ob#c 
the  comfflclsst  k - 1 + «• 

smrr  .1-Pl*  °*  b*111,tlC  *1# 


. shore  tshl.  -»«*  » prsctlc.il,  lnd.p.-<*s-t  of 
+ o.  Thus  tbs  bsmic  rslues  T *“d  * U 

lmtlc  element.  smd  of  th.  I«  pr.-»re 
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ft 


characteristic*  p in  the  vessel  sad  of  the  pressure  i.puls.  at  a given 


instant : 


i pdt  - 1 - 


fcnd  at  the  end  o i burning 


I„  - \ pdt  - 


In  .one  case,  the  -ove.ent  of  ga.  insxde  the  vessel  fros  which 
lt  „ discharged  cannot  be  disregarded,  as.  for  ex.sple,  m the  case 
of  gases  discharged  fros  the  bore  of  a gun,  .herein  the  gas  velocltj 
varies  linearly  fro.  r.ro  at  the  base  of  the  cha.ber  to  UA  at  the 
face  of  the  -uasle.  In  such  a case  an  additional  ter.  .ill  be  added 
to  the  t.o  co.pon.nt.  of  the  r.action  pre.aure  (fore.)  depleting  the 
change  of  gne  -o.entu.  in  the  bore  of  the  barrel: 

^ssc  d 1 

* . -5_  0 * aPl  * — • 


When  tbs  ga 


ilocit;  changes  linearly: 


u - 

m U — • — — . 

a g a 
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rnr™.  - . in  ii  1 1 irnTi—  g FM"nJLAS  °~~S  °13cll>*— 

, _ 4 * 4 - 1 <2  1 


sa,.  * volu..  -0  contain*  - H of  R-  ^ ^ ^ nece..ary 

- *•  t:::::::  - — - - 

«... .. .. ...  - - «•  

.....  «« 

l ^ 'I 

' * — • 

Pi 


The  ini t 1*1  state  of  the 


but 


0 

rl  * cj 


_u 


_ G dt 
\ sec 


Therefore , 


vpi  ; 

whereby 


1 * 


G d t 

sec 


j G..cdt 

- 1 - 2 


G..c  - rfo  X/'T 


(90) 


Uttivcb  as 


k*l/k 
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r 


G___  - sK, 


/Pi  / P 


'••c  "‘oV’l  \ P1 


k+l/2k 


Dif 


fereotiatlDg  expression  (90),  we  get: 


i pl'k/k  Gsec 

T TTdp ~dt 

pi 


*Ku  P| 


k-1  2k 

dt. 


1 1 


Separating  the  variables  and  integrating 


P k px  k^1  2k  dp 

) v p / p7 


Pi 

0 v _L_<j  t - - bd  t , 


\ *i 


where 


ksKr 


l-3k,  2k 


dx  • - bd  t ; 


1 -3k/  2k 

x dx  - -bt 


or 


2k 

k - 1 


1 - 


k-l/2k 


fc»»o  /P1_t  . _bt 

“ V 


Ttil.  onabl.n  u.  to  find  th.  duration  of  dlocbar*.  .h.n  th.  pr...ur. 
drops  fro*  tho  Initial  ralun  px  to  tho  glTon  aaluo  p. 
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f 


k-l/2k 


» . 


where 


B ' - 


k - 1 


\ 


-i-  and  K - \ 

0 V 


glL-  f — - 
k ♦ 1 \k  * 1 / 


1/k-l 


This  relationship  is  valid  until  the  rat.o  between  the  outside  and 
inside  pressures  beco.es  equal  to  the  critical  value.  When  the 
discharge  Is  into  the  ataosphere 


Per. 


Pa  2 

— _ — 1 .8  kg  cm  . 


The  full  t lee  of  discharge  is 


(91) 


Tb«*«  for aulas  ahos  that  tha  laa«tb  o t dlacbar*.  up  to  a «1t«d 
praaaura  la  inaaraaly  proportional  to  tha  croaa  aaction  of  tha  noaala 
a..  Solrlnc  tha  for aula  with  raapact  to  p - PjX,  »•  th«  relatira 

pressure  change  as  a function  of  tine: 

Pi 


(1  ♦ B*  t ) 


2k/k-l 


(92) 
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If  the  value*  of  t are  given,  p can  be  calculated  and  a p, t curve 
can  be  constructed.  The  larger  the  cross  section  of  the  opening  and 
the  greater  the  value  of  pA,  the  aore  rapid  will  be  the  relative  pressure 
drop  within  the  vessel.  Inasmuch  as 


(1  ♦ B ' t ) 


(1  ♦ B ' T)^ 


A cosparison  of  foraulas  (94)  and  (92)  shows  that  the  gas  teaperatu re 
drop  inside  the  vessel  occurs  aucb  slower  than  the  pressure  drop. 

2.  GAS  DISCHARGE  FROM  THE  BORE  OF  A GUH  AFTER  THE 
PROJECTILE  LEAVES  THE  GUR 

Applying  the  relations  obtained  above  to  the  gases  discharged 
from  the  barrel  bore  after  the  projectile  leaves  the  latter,  we  will 
have  the  following:  prior  to  the  start  of  discharge  the  barrel  will 
contain  w kg  of  gas,  so  that  the  specific  gas  voluae  within  the 
entire  volune  of  the  bore  ♦ *lA  will  be 


fro  AA*  1 

- -ii  - _ . <•) 

A. 


(•)  Subscripts  A end  U stand  for  "aussle"  sad  "bore,"  respectively. 
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~ “ j 

- IM  «*» 

L - **•  — - 

equals  » „«»»»«» 


LB  

Kv  «•  tb*  constant  parameter 

Designating  by  B tne 


*-^*0  V 


k-JKo  i 


V ^ * 1 


, ties  of  gas  discharge,  -e 

...  t.«P«rature  and  vhe 
for  pressure,  g 


obtain  the  folding  expressions. 


(1  ♦ B't) 


as,  s-i 


ci  * B't) 


t - 4- 


s-i,  as 


. - 0.565-0.545, 

...  - — "•  -£  > — « 

- ■ •«  «••••  - ~ - 

— r-Ti^F-'-v 

1 a • fl  0 w"  1.080  1|> 
. 76—  gun,  • - 0.4BB3  -3,  Aa-  »°> 
bMll.  Olsss  S 7B-«»  *“ 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


A - 0.70,  p. 


- 600  kg/c**,  k - 12,  KQ  - 6.424. 


0.2  0.4693  x j 60000  - 0™  . 0.2793  * 64.8  - 18.10; 

B - — 6 424  rosir  v 10 


Pa  - 600 

1.8  “ 1.8 


333.3;  log 


- 2-523-  Nr  " i2; 


i . >»«.  \ _ „ i ^ 


v nt 


\ 1 12  0.623 

- 1.623;  tn  - — 77. 


- 0.03443  sec 


The  discharge  time  until  the  pressure 


is  2 u atm 


i i /«oo\1/w  , . . ‘LHZ 


1 / ouu  \ 

18.10  V 20  I 


1 - - U. 01807  sec. 

18.10 


i.e.,  the  time  is  almost  one-half  the  full  period  of  discharge  down 


to  p1  - 1.8. 


If  T - 0.70  • Ti  - 0.70  • 2800  - i9600*,  then 


I960 _ 1960  - 1960  - 744°K  - 471°C. 

Tn  ‘ (1  ♦ 18.1t„)2  " (1  ♦ 0.623)2  2639 

3.  TH*  AFTER- ACTIOR  OF  GASBS  OR  THl  GUR  MOURT 
The  relations  introduced  in  Section  2 enable  ua  to  investigate 
the  after-action  of  gases  on  the  recoiling  parts  after  the  projectile 
leaves  the  gun,  and,  in  particular,  to  deter alee  the  highest  velocity 
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of  recoil , MCtMtr;  for  the  design  of  the  gun  »ount. 


Fig.  114  - Velocity  of  Hecoll  During  the  Period  of  A f ter- Ac t ion . 

The  reaction  force  8,  arising  *•  a re.ult  of  gas  discharging 
fro.  the  bore  of  the  gun,  i.part.  an  added  i.pulse  to  the  recoiling 

parts  and  increases  the  velocity  of  recoil. 

The  action  of  the  gases  cease,  at  the  end  of  their  discharge, 
at  ehlch  tlM  the  recoiling  parts  attain  their  .axi.u.  velocity  VMX- 
The  curve,  in  fig.  114  depict  the  gas  pressure  pAH  on  the  base 
of  the  bore  and  the  velocity  of  the  recoiling  part.  V.  VA  corresponds 
to  the  instant  the  projectile  leave,  the  bore,  V.,,  correspond,  to 
the  period  of  after-action,  tA  1-  the  tl-e  of  recoil  prior  to  the 
projectile 's  departure  fro.  the  bore.  t„  1-  the  period  of  gas  after- 
action. 

If  the  recoil  Is  free,  the  relation  between  the  velocity  of  recoil 
T sod  the  velocity  of  the  projectile  (absolute!  ».  1-  ..pressed  by  the 
for aula: 


1 ♦ ~2 


q + — w 

2 
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b««au«*  s-all  compared  with 

PrJL  to  tho  laatant  th.  projectile  1—  «*• 


q ♦ — ^ 

* 2 


where  V . 1-  th.  absolute  velocity  of  the  proj.ctil.  at  the  xastant 

lt  leave,  the  gun.  The  recoil  velocity  — c ,V  - - A 

,t  Of  the  ac t ion  produced  by  the  reaction  force 
lB  obtained  as  a result  of  the  action  p 

impulse  developed  during  gas  discharge: 


“■fT  ■»* 


When  th.  recoil  1.  subjected  to  a brahlng  effect 

V -’f-  ■->  - j »*• 

* 0 0 

„b.r.  r 1.  th.  resultant  of  the  force,  brahla.  th.  recoil. 

X*.  problem  dealing  eith  th.  force  * under  condition,  of  ponder 
gas  discharge  fro.  th.  barrel  bore  ha.  been  considered  In 
consider able  detail  in  a series  of  special  texts. 

shall  assums  s<~  of  the  sl-pl-t  allo^nces. 
tg.  cross  section  . of  th.  barrel  bore  1.  the  critical  one;  2 

velocity  of  the  g~  .1  - — ~ Tnto 

tb.  go.  ^..1.  th.  velocity  of  the  projectile  V.a,  3>  - 

acconnt  the  elMI*  of  ■o-.ntu-  «*,  of  the  gases  when  th.  -ess 

fro.  0.  - V «*•  10  “r° 


0f  qotloi  drop*  from  0A  • j 
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•ft* «t  on  e 

projtctll* * 

u » ■ i-»  ■»  «#t 


of  the 


e - 1 .59  cA/V« 


where 


i 

l:  1 


LO.  »5 


>/ u. 

v a 


»tk-  »•” 


e 


c * -11 

. x.M  ca  ■ 1106  V A 


„ S with  tb.  charging  condition. 

*H.  coefficient  P »ltb 

Tb—  for-ul.  tie  in  theoretical  lor-ula, 

. A.u  IB  addition  to  tbia 

— - - • —*•  - 

1400  , o.l5  or  #j  * 1300/ *A- 

»A«/»ec 

■ nt  at  tb.  pr.do.lB»tiBg  .fleet  of  the 

*11  of  theeo  formula.  po  #J#ctloa  fro.  the  ««»• 

projeetll.  e.loclt,  at  tb.  1-t.at  o _ eo.OOO  b«/d.a; 

txm^^  a 7.—  Pa  - 600 

TTiO.O;  A-  0.705  V-M00dwwc. 

Aa  ♦ 1 * — - 

id  m \/*2222-yi2  jfo  - i*.a«  iHo  " * ** 

p m i.9#  • 10.##  \y  Oo  •*wu 
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OslBC  the  -pineal  formulas.  - *** 

_ 13QO  _ l9l2. 

a - 1400  * 0.15  - 3.21;  P2  " 680 

P1  8*0 


tb>t  ...  ’* 

It  can  be  1 tbe  theoretical  one. 

- .Her  than  those  obtained  by  the 
formulas  are  small  , _ 5.0,  £>  - 0.72,  PA  “ 

„ - lOOO  m/ aec  * 1 

At  a high  speed  V lu  ^ 

. 120,000  kg/ dm2  »•  **t:  

120000  -5  i _ 17.26  _2±2_  - 1.575; 

& - 17.26  V 0.72  lOOOO  lOOOO 

_ 1300  . i.30. 

. 1122  ♦ 0.15  - 1.40  + 0.15  - 133.  p2  1000 

P1  ‘ 1000 

a a If  in  the  tiTBt, 
x..  Talus  Of  5,  cloaely  approaches  that 

case  <40  - 80*.  then  at  «•*«  - 016 

= v fM  - L-222  680  - 11.7  ■/•ec; 

_ i-  (1  ♦ 2.35  • 0.16)  • 68°  g0 

’max  80 

« ana . - 0.50  and 

la  the  second  case  Qq 

1000  (1  + l .575  • 0.50)  - 11»»  ■/**C* 

^ * 155" 

..  m * "DJ^‘“  tb. 

, - tb. 

XM  actios  • t PN.  discharge  1* 

***\\emm  Tb*  velocity  of  the  l|iTT 

- f°  T1#  that  .«  tb.  Pro^tli..  -tb.^. 

of  tb.  pwjMtlU  •*c#w  "• 
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surrouod  and  odertak.  th.  latter,  .o  that  th.  projactila  actual!, 

.ovaa  for  a c.rtala  parlod  of  tise  within  a -obil.  vdiu..  At  the 

tlM  th.  ga.ee  continua  to  aa.rt  a pressure  on  tha  baaa  of  the 
projectile,  thu.  incr.a.ing  It.  velocity  .ran  aft.r  th.  projectile 
has  left  ths  bors. 

Thu.  th.  Mi i au.  velocity  x.  not  th.  -uzzle  velocity,  but  the 
velocity  at  so-e  point  a abort  distance  ahead  of  the  gun  .utzle  face. 
Never the  lea a all  th.  known  -ethod.  of  coaputation  in  internal 
balllatica  par.it  to  conclude  the  coaputation.  at  the  .uzzle  face. 

Th.  .uzala  v.loclt,  vQ  obtained  on  the  baai.  of  t.at  data  is  co.puted 
by  reducing  tha  velocity  vc  recorded  by  the  chronograph  to  that  of 
th.  .uzala  face,  undar  th.  a.—ption  that  th.  velocity  beyond  th. 
.uzala  face  1.  continuou.ly  dacr.a.ad  by  the  action  of  air  resistance. 


Fig.  115  - Projactlla  Velocity  la  th.  After-Action  Period 
I)  frus-targst;  II)  frist-tirfft. 

Figure  1X5  characterize,  the  relation  between  the  velocities 
of  the  projectile  at  different  points  of  it.  trajectory. 

Tha  projectile  leaves  the  ssssle  face  with  as  absolute  velocity 
t.  . which  increases  to  v.^  during  the  period  of  after-actios, 
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..  K .....  b*ciut*  o f air  resistance.  Using  a 

fol loving  which  It  decreases  ■««“• 

. - frase- targets , v„  (the  average  velocity  between 

chronograph  and  two  fra—  targw  > c 

grass- targets  I and  II)  1-  deteralned.  Then,  using  forsul. 


*c  +ATc- 


l*_  - — - — — ’ 

c d*hD(v) 


„ c„  ...  .0-0..I.I  1.....1  •'  *" 

„.,.M  ...  .„•««  o<  «».  «“  *“  “ “* 

— >“  oo,r.o.lo.  ...  1.  co. pot 

the  nor sal  resistance  law.  In  consequence  we  get  the  following 
relations: 


vQ  > w».s  > ’A.a: 


\ > V.a! 


V~  ’»• 


Therefore,  It  say  be  assuned  In  practice  that  the  relative 
.—I.  velocity  vA,  calculated  in  aolvln,  the  probl.s  of  internal 
ballistics.  1.  appro* Isa tely  —1  to  the  ’initial-  velocity  vfl  of 
the  projectile  detersined  by  test  by  -an.  of  a chronograph. 

The  law  governing  the  change  of  velocity  and  pressure  in  a 

e tress  of  dlsch««ed  ga— . - M « l”  ,oW,lM  ** 

o*  th.  stress*,  shape  when  the  projectile  is  situate  in  the  strsas. 

1.^  the— elves  to  expert- ntal  analysis  -I,  with  *r.at  difficulty. 


M 
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C dynamics  otfar.  ».l,  aa  approai.ata  r.latldaahlp  lor 

da.ar.1.1..  .a.  ..  »• 

,.U«...a..P  do..  ...  <a*.  >■*“  “• 

external  pressure. 

view  of  th.  absence  of  reliable  theoretical  rel.txon.  for 
deter-inlng  the  velocity  incre.ent  of  the  projectile,  we  .re  presenting 
here  certain  test  data  on  ga.  .f ter-ac t ion . Spar!  photography  and 
ul tra  high-speed  photogr.phy  -.he  it  poa.lbl.  to  study  the  ph.no-en. 
occurring  during  the  -otion  of  the  projectile  after  it  ha.  left  the 
barrel  and  during  the  discharge  of  the  gases  fro-  the  bore. 

*•  shall  not  atte.pl  to  enumerate  here  all  the  teat*  of  this 
type  and  ll.lt  our  discussion  to  the  firing  of  ..all  «-  *“<*  boeitaers. 
When  a shot  is  fired,  the  air  present  in  the  bore  is  ejected  c.uslng 
a spherical  1-p.ct  -ave  at  the  face  of  the  sural.-  ■««  there  appear, 
a .sail  quantity  of  gas  escaping  through  the  cle.r.nce.  between  the 
-.11.  of  tb.  bore  and  the  surface  of  the  bullet  or  projectile, 
following  which  there  nppears  the  bullet  or  projectile  iteelf. 

Heat  in  order  1.  the  dl.cb.rg.  of  powder  g.e.s  c.uslng  . shoe* 

-we  upon  encountering  the  outside  air.  which  l.  responsible  for  the 

report  of  the  gun. 

The  powder  gases  surround  tbs  bull.t  or  projectile  end  t.nd  to 
.owe  forward  with  s w.loclty  considerably  eacs.din,  th.  velocity 

of  the  bullot. 

Air  resistance  aad  friction  caune  the  powder  ga.es  to  r.pidl, 

1o~  thoir  velocity.  * c.rt.i.  distance  awn,  fro.  th.  «»  • *— 
(abovt  3#  cm)  tho  bullet  begins  to  overtake  the  gases,  th* 

ballistic  or  bow  wave  usually  acco«>a.jlng  the  flight  of  tho  projectile 
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origin* tes  at  this  ln-tnnt.  Tbs  photographs  In  flgn-  H6,  H7,  118 
nnd  1190  tnkon  by  O.T . Chernyshev  show  th.t  la  addition  to  the 
ballistic  wave  around  tb.  bullet,  a larg.  number  of  mimllu  waves 
acconpanlss  the  unburn.d  flying  particle,  of  powder  ejected  fro.  tbe 

bor« . 

When  the  projectile  velocity  exceed,  the  .peed  of  sound,  the 
ballistic  wave  gradually  emerges  fro,  the  spherical  sound  wave  i« 
the  for.  of  a cone  Cnee  figs.  116.  117.  H«  and  U9,.  Thin  is 

accompanied  by  clearly  defined  masses  of  condensed  gas  accompanied 
by  eddies  and  by  tbe  appearance  of  stationary  waves  when  the  powder 
gases  are  discharged.  The  latter  phenomenon  is  explained  by  the 
following:  As  the  pressure  drops  gradually,  the  gases  in  receding 

fro.  the  muzzle  fee  cause  local  increases  of  pressure  (pressure 
Jumps ) , the  pressure  beco.lng  .axi.u.  at  the  point,  -here  the  gases 
beco..  condensed.  A.  the  gases  are  discharged,  the  position  of  the 
first  .axi.u.  changes  - It  1.  gradually  displaced  toward  the  muzzle 
face.  The  occurrence  of  such  .a....  of  condensed  gas  Is  ..ml, 
explained  by  the  gradually  Increasing  effect  of  air  resistance. 

A.  the  pressure  changes,  the  gas  velocity  increase,  at  first, 
•alaly  at  the  center  of  the  stre..,  where  tbe  gas  is  not  affected 
by  outside  friction;  hoeev.r , at  tbe  point,  of  condensation  and 
1 .creased  pressure,  tb.  gas  velocity  again  undergoes  a considerable 


(.)  These  photo,  are  -losing  fros  the  original  text.  Editor. 
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According  to  observations  sads  by  Ka*pe-de  rsrisr  in  firing 
r;..M  cannon  having  a wuzrle  velocity  of  about  720  m/mmc , 
j.  rex  i mate  Ly  0.0015  sac  before  the  shell  leaves  the  bore,  poorly 
; (iou h gases  begin  to  appear  fro.  the  bore  and  disperse  with  a 
,v.,t>  of  about  300  m sec . Directly  after  the  shell  leaves  the 
a lateral  gas  discharge  occurs  through  an  annular 
I , between  the  walls  of  the  bore  and  the  base  of  the  projectile 
vt-  ..nity  of  about  2000  a sec.  Then,  ss  soon  as  the  base  of 
. .r. Meet  lie  recedes  fro*  the  euzr.le  face,  the  expanded  gases 

...j  forward  with  a velocity  of  the  order  of  1400  m.  sec , and 

as  this  velocity  greatly  exceeds  the  velocity  of  the  projectile 
1 sec  . the  entire  gas  ease  catches  up  with  and  overtakes  the 
t tiie  and  completely  surrounds  it. 
he  velocity  of  the  forward  layers  of  the  gas  eass  begins  to 
„ . rease  thereby  in  the  following  order: 

0 001  0.002  0.003  0.004  0.005  0.007  0.009 

so,.  580  470  370  320  310 


The  velocity  of  the  projectile  continues  to  spproscb  the  value 
f 720  m sec,  and  at  t - 0.007  esc  It  eeerge.  fro-  the  gas  -ass  and 
S relieved  of  its  influence.  It.  di.t.oc.  fro-  the  -u«le  f.ce  being 


at  that  instant. 


The  gas  cloud  explode,  about  0.019-0.022  .ec  later,  nt  which 
ttI(  the  velocity  of  the  forward  layer.  of  th.  ga.  —.a...  fro-  120 
to  18U  »/»ec. 

Testa  were  conducted  by  Okoei  In  Japnn  In  MU  to  d.ter-1-e  the 
change  in  th.  velocity  of  n rlfl.  bullet.  A »PKl»l  chronograph 
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u..d  in  these  test.  permitting  the  use  of  several  target.  simultaneously. 

It  was  found  that  In  10  c...  out  of  14  (71%)  the  velocity  ... 
MXi.u.;  in  the  remaining  cases  (291)  a minimum  .as  observed  followed 
by  a Mil.ua,  "here  the  .axl.u.  velocity  exceeded  the  -uxxle  velocity 
in  all  cum.  Okosi  concluded  that  for  the  Japanese  rifle  of  1898 
l.aue  the  maximum  velocity  i»  obtained  at  a distance  of  about  1.5  - 
froai  the  muzzle  face,  and  that  the  increment  constitutes  only  about 
0.81  on  the  average.  At  a distance  of  5 the  velocity  again  drops 

to  that  of  the  ■uzsle  velocity. 

Tests  were  conducted  by  N.h.  Platonov  for  the  purpose  of 
determining  the  period  of  gas  after-action  on  the  base  of  the  projectiles 
in  howitzers  with  relation  to  the  distance  traversed.  Curves  were 
obtained  showing  the  change  in  projectile  velocity  and  the  pressure 
acting  on  the  projectile’,  base  (fig.  l*0a  and  b)  during  the  period 
of  after-action.  The  curves  were  obtained  by  swans  of  slow-sotlon 
photography. 

Figure  121  represents  a curve  of  the  pressure  exerted  on  the 
base  of  the  projectile  for  a reduced  change,  obtained  from  the 
analysis  of  the  v,  X curve. 

A comparison  of  the  v,  X curves  obtained  with  a full  and  reduced 
chargm  (fig.  120a)  disclosed  that  the  length  of  the  period  of  after- 
actlon  is  approximately  doubled  in  changing  from  a reduced  to  a full 

charge.  Curve  PcH.  * (*!«•  1»1>  ■“<«•  t***1  pr*”ur*  #Mrt#d  b* 

tbs  powder  gas  os  the  base  of  the  projectile  during  the  period  of 
after-action  rapidly  decreases  as  the  distance  traversed  by  the 
projectile  increases. 
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2,  In  a s.p.r.t.  combustion  cbanber  of  a gas-actuated  gun; 

3)  In  the  chamber  of  a rocket  shell. 

In  all  of  the  abov.  case.  the  ga.  Infloe  due  to  the  burning  of 
poeder  i-  ei.ultan.oueX,  accompanied  by  tb.  di.charg.  of  a portion 
of  the  ga-  through  a noaale.  Therefore,  the  pre.eur.  during  the 

burning  -rop  a.  well  - ‘-rea...  Under  thee,  condition. 

th.  proc...  wiU  vary,  depending  on  the  pr.e.ure  ealnt.xned  xn  the 
chamber : the  lower  the  ga.  pressure  in  the  chamber,  the  easier  it 
x.  to  beep  xt  constant.  *e  shall  first  consider  the  case  of  hxgb 
pressures,  for  which  th.  burning  rat.  la.  u - u.p  is  valid. 

Let  u.  compile  a formula  for  determining  pressure  in  constant 
volume  .0  at  a given  instant  under  th.  condition  that  a portion  of 
the  ga.  1.  discharged  through  an  opening  laoaals). 

„ (hlu  designate  th. quantity  of  gas  discharged  at  a given 

Y 

instant  (in  kg)  by  Y and  the  ratio  — ->)  ■ 

b.d  derived  abov.  th.  formula  for  gas  discharge  xn  time  t: 

"i 


G»ec  dt» 


G^c  - A.Pl;  the  pressure  in  tb.  space  fro-  which  the  ga.  is 

discharged  s<*u.l.  Pt  •»<«  the  cross  section  of  th.  noaal.  is  * 

IS  tbs  discharge  coefficient. 

Th.  pressure  Pl  1.  sot  coutaat  -h«  burning  occur,  in  a bomb 
,1th  a nosals;  it  chaa^  coatinuou.ly  and  hence  tb.  <Us«h«,.  proc... 
wlll  Mt  n stabl.  one.  I.  ordsr  to  swaluats  th.  procsss.  1st 
nsssM  a.  a first  approximstlo.  that  ths  rsl.tlon  dsrivsd  for  a 
stablllasd  discharge  proo^  also  applls.  to  our  cans,  shsr.i.  P 
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Wl„  cons tantly  with  respect  to  time.  Then.  denoting  by  P the 
current  gas  pressure  in  a ch.sber  -itb  a no.al.  and  by  ..  the  cross 
section  of  tbe  noasle,  we  get: 

G - Aa.p; 

''■tic  * 


t 

y - asb  j*  p<*t  - abbi 


and  at  the  end  of  powder  burning 


.•  arrive  at  the  conciu.ion  that  tbe  ga.  dl.cbarge  during  burning 
of  the  powder  l.  proportional  to  the  pr.aaure  increase  l.pulse 
at  tbe  given  instant,  and  at  tbe  end  of  burning  - to  the  full  impulse 


inasmuch  a.  tbe  i-pul.e  depend,  only  on  thlcbnea.  2Bl  and 
the  rat.  of  burning  u,.  the  gas  discharge  doe.  not  depend  on  the 
shape  of  the  powder  and  it.  burning  progr.a.lvlty . It  may  be  assumed 
for  sufficiently  small  cross  section,  s.  and  t - = 1 • <* J In  8UCh 

a case  the  e.pr.s.lon  depicting  the  pressure  at  a given  instant  -ill 

b«: 
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Y) 


WQ  - a(w  ^ - T)  - t ) 


f w<  - > 2 - — 

i±(l  - vy  )-a^('V  - ^ > 

* 


^ > 


X _ A(1  - 'V  ) -aM'V  -1 ) 
5 


At  the  end  of  burning,  we  will  have. 


(96) 


1* 


- As 


fwCl  - ’J  g> 


fMl  -’ll;) 


(97) 


**»  " « - ow(l  - 1 " a*U  ' V 


, . >»  \ . a„  the  formula  will  be 

Using  the  de»iga»tl<>n  M1  * *’ 

tran.tor.ed  Into  th.  u.u.l  -obi.  for.ula: 

fag 


(98) 


1 - <**g 


..  ....  » — « *•  “*  ■“““  P"““* 

- t r.r jr  rir”lr»:.r:r  ...... 

burning  folio**  txcm  ld  obtain  In 

.. ••  —*  •“  P-  * 
a closed  space: 
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Then,  using  formula 


YK  “ A,sXK  " A*> 


tfa*  weight  is  determined  of  the  ge.ee  di.ch.rged  through  . nozzle  of 
cross  section  nB  during  the  period  that  the  powder  is  burned  with 
impulse  1^.  The  sum  ofu,  + will  give  the  full  charge  which, 

•hen  burned  in  a bosb  with  nozzle  s^,  will  produce  pressure  pg . 


"K  * Tg:  A1  " Wr 


be  found  beforehand  fron  a teat 


The  value  of  I ■ j pdt  can  ^ ^ound  beforehand  fro*  a teat 
in  a closed  bosb,  inasmuch  as  the  magnitude  of  the  pressure  impulse 
for  powders  of  simple  shapes  does  not  depend  on  £ and  should  not 
depend  on  whether  the  pressure  Increases  according  to  the  law 


according  to  the  law 


applicable  to  a closed  bomb,  or  decreases  more  slowly,  or  even 
drops  in  consequence  of  the  discharge  of  a portion  of  the  gas  through 
the  oozzlw . Indeed,  if  we  designate  the  pressure  in  a closed  bomb 
by  P,  and  that  in  a bomb  with  a nozzle  by  p,  and  the  times  t and  t, 
respectively,  then  upon  burning  powder  of  the  same  thickness  in  a 
closed  space,  de  - u^f.  When  powder  of  the  same  thickness  is 
burned  in  a chamber  with  an  opening,  de  - Ujpdt.  Because  as  a result 
of  partial  gas  discharge  p < P,  the  time  interval  necessary  for  the 
burning  of  the  same  thickness  de  at  the  smaller  pressure  p will  be 
correspondingly  loagsr,  and  the  total  time  will  therefore  be 

Hpdr  - pdt. 
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| 


R 


mi 

m 


pressure  i.  p;  the  Mcood  ttr.  take,  into  account  the  Influence  of 

the  discharged  gases. 

Th.  Magnitude  ^ 1-  pr.cia.ly  th.  on.  characterizing  th.  r.l.tiv. 
intensity  o f gas  flow,  or  tb.  relative  gas  di.ch.rge  during  burning 
of  th.  powder ; it  is  the  great.r,  th.  greater  a.  and  1*  and  the  a-all.r 

the  charge^,  but  always  < 1- 

2 PRESSURE  CURVE  OB TA IKED  IN  A NOZZLED  CHAMBER 
WHEN  THX  DISCHARGE  OPENING  IS  SMALL 

he  .hall  conaider.  a.  in  tb.  caa.  of  general  pyro.tatica,  th. 

c.ae  of  a powder  with  a conatant  burning  area  (X  - 1 , X-  0,  6-1). 

Th.  inat.ntaneou.  pr.s.ur.  i.  eapreaned  b>  th.  for.ula: 


fu»(Y  - 1 > 


w0  - ii(l  - 'V  > -o*-K  T - > > 


r-Ct  -1  > 


Th.  deno.in.tor  in  th.  right  .id.  -how.  that  if  a portion  of  th. 
ga.  frO)  i.  discharged,  th.  fr..  apac  during  burning  -ill  b.  gr.at.r 
and  h.»c.  undergo  a a.all.r  ch.ng.  than  »,  - th.  fr..  -pace  obtained 
during  burning  in  a closed  spac. . H.nc,  a-  in  th.  c...  of  g.n.r.1 
pyrostatics,  th.  -an  walu.  of  th.  fr..  space  can  b.  used  to  d.t.r.in. 
tb.  g.n.r.1  character  of  th.  ph.no^non.  Assu.ing  that  " "a 

*nd  law.  " T " TJ 

walu.  of  tb.  fr..  space  in  tb.  chauber; 


M pt  th.  following  .apr.ssion  for  th.  aw.rsg. 


«nw.  “ V + ' *° 


a* 


u»  + 

2 • 
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,nrrMge  Curve*  when  Burning  Powder 
122  - Pressure  Increase  uui 
Fl8'  1 ln  « Boab  with  a Noaile. 

,«  ...  ■—  «•'-'*  *■  sar”‘"'  t'""ur  ““  * 
C.O..0  -P«..  *“  '• 

burning  of  charge  u,(l  r*th*r  th*“  CharB'  ^ heDCC 

the  proc...  of  pr.asure  Increa.e  t.  -.er,(i.e.  the  aa.e  as  it 

- * «.  — — which  is  smaller 

would  have  been  in  a closed  space  at  ^ W(j 

than  the  actual  A-  — • 

The  full  tlae  of  burning  under  these  conditions  is  deter.ln.d 
by  the  foraula: 

pl 

tK  - » -303  log  — • 

It  should  be  noted  that  also  the  pressure  PB  of  the  igniter 
under  condition,  of  partial  ga.  di.charg.  •!«  not  be  e<,u.l  to  th. 
rated  pr.n.ure  under  condition,  of  a cloaed  apace;  a correction  aunt 

be  aade  for  the  gaa  discharge. 
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The  curves  in  fig.  122  «“«>*  “»•  P«- incr....:  1 - when  the 

powder  1.  burned  in  . el—-  2 - -hen  the  ....  char,,  i.  burned 

wxth  . portion  of  the  gns  discharged  through  a nozzle. 

Both  curve,  are  theoretical  one.  under  the  asau.ption  that 
burning  proceed,  according  to  the  geo.etrlc  law.  It  h.a  been  eho.n 
however  that  the  true  characteristic  of  pressure  increase  differs 
fro-  the  theoretical  by  the  fact  that  the  pressure  curve  is  bent  at 
the  end  and  that  it  approaches  the  horizontal  tangentially  rather 

than  at  an  angle. 

Therefore,  -hen  powder  is  burned  in  a ch.-ber  with  a nozzle, 

curve  2 will  likewise  be  distorted. 

The  proble-  dealing  with  the  effect  of  the  charging  conditions 
and  of  the  burning  of  powder  on  the  law  governing  the  pressure  increase 
when  a portion  of  the  ga.  is  di.charg.d  through  a nozzle,  can  be 
solved  graphically  In  it.  first  approxi.atlon . 

indeed,  the  input  of  gas-  per  second  a.  a result  of  powder 
burning  at  high  pressure,  l.  expressed  by  the  well-known  for.ula: 

J.  U P kg.  sec  -u>rP; 
dt  A1  S1 

and  the  ga.  discharge  (output)  per  second  1.  expr.es.d  by  the  following 
for aula: 


- AS  p. 


snxi 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


I,  th.  input  exceed.  the  output,  the  pr...ur.  to  the  ch.aber 
.11!  rise;  if  th.  procedure  1.  reversed.  th.  Pr...ur.  -ill  drop. 

If  th.  input  equal,  th.  output,  the  pre..ure  nu.t  be  naxi-u. 
or  reaaxn  con.t.nt.  Hence  th.  pree.ur.  change  depend,  on  the  r.tto. 
Wdt  and  dVdt.  A staple  relationship  1.  obtained  bet.e.n  the 
charging  condition,  and  the  po.der  burning  characteristics,  per. 
a direct  an—r  to  th.  problem  dealing  .ith  the  nature  of  t e 
pressure  curve  and  .1th  th.  condition  of  obtaining  the  “ 

before  the  end  of  burning. 

t very  thing  depend,  on  the  ratios: 


r . 1 s 

v*j»  «,  t-J  

A i Si 


and  Asay 


..  . ........  ■"  p°  "7 

— «* — - “ — •/ 

... ... „ — .... ».  - •«  ■ "7; 

— -ill  beiin  to  drop  or  rise  because  Si, 
Thereafter  the  pre..ure  .ill  begin  to 

u.u.llp  ......  1.  “•  “*»• 

..  «...  ...  . ...PL  “*  P">b1'-  “ 

t.  required  to  find  out  eh.ther  th.  end  of  burning  .ill  obtain  after 
th.  raxl.ua  P „ 1.  reached  and  the  value  of  Ya  «•  *»<* 

pressure  .11  Correspond,  the  answer.  wl»  - obtained  b,  constructing 
r curve  for  th.  gi~o  poed.r  depicting  th.  pro^e.slelt,  of  burning 
J.  • function  of  T.  - • -al.ht  U-  - - ~ 
parallel  to  the  absciss,  at  a -l.tance  fro.  it  «... 
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th.  entire  line  as  lie.  -low  line  1-1.  the  1-P-t  durinB  the 
entire  burning  proc...  exceed,  the  g«.  dl.ch^.e  through  the  norzle, 
the  pre.aure  curwe  rl.ee  continuously.  and  the  P~ «• 

coinc idea  with  the  end  of  burning.  The  angle  of  inclination  of  the 
curve(  1£_  \ will  be  naxinu.  at  the  end  of  burning  (curve  1-1  In 
fig.  134).  it  line  a.’  -tart,  below  the  ^ curve  (see  fig.  1231 
.nd  then  intersect,  it  at  point  b and  continue,  above  it.  it  ae.n. 
that  the  pr...ur.  will  first  increa.e,  P—  the  -axi.u.  at  point  b(t-, 
where  the  ga.  input  equal,  the  ga.  di.ch.rge,  and  will  then  drop. 

, oer  second  will  exceed  the  gas  input 

because  the  gas  discharge  As^  per  secoo 

u»P. 

A pressure  curve  2-2  (fig-  124)  i.  thu.  obtained  with  a --ooth 
inflection  at  point  p.  and  a descending  portion  .bowing  a pre..ur. 
drop  between  pm  and  p^. 

In  fig.  123  curve  Tt  (3-3)  lie.  below  the  line  aa  Thi.  indicate. 

...  .........  -m  — *»  •»*  *“*  ,B*  ““ 


3 3 ln  ft*.  124),  and  that  the  powder 
continuously  decrease  (curve  3-3  In  rig 

B.y  burn  .lowly  .nd  say  «v.n  t.nd  to  die  out. 

The  r curve,  in  fig-  1»3  r.pr..ent  .trip  powder,  of  varying 

tblchne.se.:  1-1  for  thin  strip.  2-2  for  .tripe  of  .were,,  thichne.e, 

.nd  3-3  for  thich  powder.  Hence.  -1th  the  -ane  powder  ehape.  by 

varying  the  thlchn...  of  tb.  .trip  nnd  le.vla.  the  charge  and  cro..- 

sectional  area  of  the  ooaale  unchanged,  we  can  obtain  all  three  forss 

of  tbm  prtt««r«  (lncroaoo)  curvo. 

Contrariwise,  fur  the  .a-  powder  of  give.  •»,  W*-* 

the  nossle  opening  or  the  -eight  of  the  charge  the  pooitlo. 
of  line  an-  or  «T  can  bs  changed  and  with  it  the  characteristic  of 
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the  cur*.  depicting  th.  pre.eure  lucre...  In  « chu.b.r  .ith 
Therefor. , n chn.b.r  with  . uoz.l..  if  provided  .1th  -e.u.  lor 
recording  th.  ri..  nnd  drop  of  pr...ure,  ..he.  it  po..lbl.  to  t..t 
powder,  nt  con.ld.rnbl,  gre.t.r  ch.rglng  d.n.ltle.  nnd  under  condition, 
nppronchlng  tho.e  of  powder  burned  In  n wenpon;  i.e.,  not  only  under 
condition,  of  pr...ure  n.e.  but  nl.o  under  condition,  of  pres.ure  drop. 

All  of  the  nbove  conclumon.  nnd  the  pon.ibllity  of  obt.ining 
■axiwuw  pr...ur.  before  th.  end  of  burning  nr.  bn.ed  on  the  nn.ly.l- 
.1  theoretlcnl  curve,  of  pro,r...lvlty  F cnl.ul.ted  nccording  to  th. 
gooaetr lc  in-.  Actunlly . of  cour.e.  the  te.t  curve.  F.y  differ  In 
chnrnct.r,  l.e..  the,  differ  in  r.g.rd  to  regre..lv.  powder,  by  their 
beginning  nnd  «d  portion.,  -h.r...  In  reg.rd  to  Progr...lve  powder, 
the,  differ  .long  their  entire  xero-to-unlty  Intervnl.  Typic.l 
d Ingres.  for  .trip  (or  tubulnr)  powder  (fig.  1»>  *»<  powder, 

with  anny  perforntlon.  (fig.  1™>  pr—«>t.d  below. 


Fi*.  123  - Gu  Ittput  aad 
DiteUri*  Cfctr»curi»tic 
Curm. 


Fig.  124  - Curwee  Depleting 
Pressure  Tar iatloa  la  a Boab  with 
a Rottl*. 


A coapnr  i.o.  of  th.  «-ron  “ dia«r' 
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... ., ...  - — - - —I— - 

- •*— “* ;;;;; ... — 

th.  pi ture  of  the  pr...ur.  curve-  P. 

. ......  - t eur.„  r.  T .... . ..... ....  •<  «•  - 

in— uch  - -u.t  be  intersec  ted  b>  the 

of  burning  and  tend  toward  zero,  burDlng,  -hereas 

. the  -u-t  occur  before  the  end  o 

11DC  “ \ a .U1  occur  on  the  de.cendtng  branch  of  the 

the  end  of  burning 

Pr—ur.  CUr’e-  f the  T y curve-  at  the  -tart  of  burning 

Th.  —ending  portion,  of  th  .'V  2 

..... ..  ■ — •*  «. 

r itc»  a considerable  aiftien 

nnd  if  th.  I*.-  curve  1ob  cannot  tahe  place  and  the 

corre-ponding  -traight  line  - ^ pr.tiUre . Such 

^.r  .in  — f°r  i‘Bition- 

- :::::: 

— . « - *■  “ - — *—  *“*  . ... 

..... «... ....  — - — - 

n: — - - - - - - 


_»  . 0.007 


0.07 

0.005 


0.098  cm2  *8  * ■#c> 


, . r - 20  • 0.0075  - 0.150 

for  thl.  4-  P°«*~  th-  th#°r,tiC  ° 

eo?/M  • ,#c 
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1 


Fig.  125  - Relation  Between  Gas  Input  and  Discharge  per  Second 
when  Burning  Strip  Powder  in  Accordance  with  the  Physical 


Coabustion  Law. 


Fig  126  - Relation  Between  Gas  Input  and  Discharge  per  Second 
when  Burning  Powder  with  Many  Perforations  in  Accordance 
with  the  Physical  Coebustion  Law. 


If  the  iiDltlon  were  imunUmou*,  the  powder  would  not  have 


been  extlngul.hed  bec.ua.  > A -£-(•>.  But  Inas.uch  a.  ignition 


is  not  1 netantaneoue , and  the  initial  T can  actually  equal  0.040  0.050 
and  then  increase  to  0.200,  the  value  of  V at  the  start  of  ignition  is 
actually  ssaller  than  A , the  discharge  through  the  nozzle  exceeds 
the  gas  input,  and  ths  powder  does  not  ignite. 


(e)  Subscript  T.O.  stands  for  "theoretical,  Initial."  Editor. 
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3.  DERIVATION  OF  MAXIMUM  PRESSURE  FORMULA 
According  to  th.  phy.lcal  U»  of  burning.  .11  powder,  without 
exception,  -h.n  burned  in  . cha.ber  with  a noxxle,  due  to  the  .h.rp 
surface  are.  decr.a.e  at  the  end  of  burning,  -u-t  develop^axi-u- 
pre..ure  before  the  end  of  burning,  and  hence  a aaxinuw  " ° 

■ust  occur  on  the  pressure  curve  without  fail.  We  shall  derive  the 
condition  for  obtaining  maximum  pressure  and  a formula  for  P..  fron 
the  fund.wental  equation  of  pressure  in  a se.i-closed  space. 

We  had  presented  above  the  general  pressure  formula: 

^ ) a 


1 - ^-(l  - 'f  ) -a  A ('v - *1  ) 


In  order  to  determine  the  conditions  for  obtaining  P.>  we 
differentiate  p with  respect  to  t,  bearing  in  wind  that 


iSL  • r p and  — • A — ~P* 


dt 


dt 


We  get: 


Sf-  -8-  -T& 


- P 
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..  *«  p-  ‘ 250  *”• 
••  - '• '» — • 

*-  “ "~r  - ....... « — 

of  Ras  psr  second  at  p » 

: . , - «-«••  - - 

reduced  to  p “ 1 • 


A“.  . 

r_  - -rr  n 


K„  ...qh  of  theoretical 
Having  obtained  fro.  bo.b  te.t.  o the 

r.ee  of  and  f as  a function  of  I. 
calculatlona  curve*  of  «->  »“ 

straight  line.  ■'  «>r  varlou.  charges  -4.  P~ 

■>.  °*  “ '.i  ol  c»K* 

p*-‘“  t « — - *—  - 

through  curve  T,  . t on  the 

trom  this  point  we  determine  lmt 

•ed  dropping  a vertic  . known, 

.^i...  and  the  — .1  on  cur,..-  With 
co-put.  the  relative  ...  di.ch.rg.  .«  the  ln.tant  P. 

* J-  I 

T-l  “<  -1 
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rig.  127  - Graph  for  Determining  Pm  During  Gas  Discharge. 
Substituting  the  obtained  values  of  y,,  andi),  in  the  press. 


formula,  me  find: 


fM*.  ~ 

1 - -|-(1  -yB)-aA^m  -’!m) 


~7_  - T : 


It  it  known  that  the  gtt  infloe  ^ 


fdl  is  expressed  by  the 


axes  bounded  by  the  P curve  and  the  abscissa  1,  and  the  gas  discharge 
1 . J I by  the  area  of  a triangle  of  altitude  A-£-  and  base  I. 

The  difference  between  these  areas,  cross-hatched  In  fig.  127.  gives 
the  gas  residue  in  the  chamber.  Tb.  greater  the  charge  the  loeer 

sill  be  the  straight  line  the  greater  .ill  be  the  crow-hatched 

“’••T.  -1!.-  «*•  l»t.r  mlll'th.  saalnus  pressure  occur,  and  the 
greater  *111  be  the  maximum  pressure. 
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tm  that  the  condition  for  obtaining 
It  in  of  interest  to  note  that 

— ....... — - - ::::::  ....... 

. the  charging  density,  but,  rather, 
chasber  and  the  charging  and  ga. 

it.l*  reacting  Intensities  of  gas  lnfl  . 

the  oppositely  re  S a gun  wherein  the 

. .leilarly  to  the  condition  in  a gun 

discharge  As.,  sl.l  betWeen  the  intensity 

rr - ... ......  - - - 

, d derivations  are  valid  for  high  pressure,  mho,. 

The  obtained  d.rlvati  burning 

1000  hg/«2>  or  for  rapidly  burned  fine  poed.rs, 

rate  las  u - »tP  2)  „d  for  very  thich  po-der- 

“ p7.7.'V-V1p  - - — “ ,b* 

ir*-..-  - - -« - •-  - 

bur.l.B  ■>'  ’ 

“ ......  ••  * — 

- ""7 1. ... ... ...... ... ■ - — — 

“ - • - * ‘“”7;  •*  “ 

■“  «■“  “ “ *b*  pr“‘“r"  , ...  ...... 

«—  - - :*rr.  .....  - — 

“ *7  7.  '”-u>  ,b“  — - 

„ . . , ..... .... ... — .<  • 

b“*,“ r • ...  u » « »•« 

ftU  law: 


M 
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whT9  u*  > ux* 


u - 


whereby 


I 

nl-V 


In  such  i case 
the  f omuls : 


the  rate  of  gas 


Inflow  ui 


dt 

dt 


will  be  ex 


pressed  by 


<*'T  _ w!i £_  „V  “ 5 Su' pv. 

5T  Ai  Sl  1 


...  ...  •<  M “p  *““  "■ 

relation 


sec 


dT 

dt 


An  p« 


Prof  To.  «.  Shapiro.  thia  dir.r.lt,  of  th. 

An  wan  nhown  by  Prof.  Agfg 

1.  - - i-  1 1—- 
r- - ~r — 

l“  bartirh  «ZZr\\TS'™~  ^"XO"*  “~h— ot  -~ 

' ld  b.  r*pr*MBUd  by  * parabolic 

l4ft  twm  first  procsss  woo Id  os  r f 

“ ‘ • b ,U1I|U  1»  IMIW  “™*  ' 

«m  — »•  — ...  ...  u d.. 

...  .«»»»•.  — " 
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At  will. 

Sx,.  at  point  . the  input  and  dl.charg.  of  th.  *****  b*co“ 
•quailed  and  th.  pr.n.ur.  r.naln.  conatant.  Should  th.  pr.a.ur.  b. 
Incr.aa.d  (to  th.  right  of  point  a),  the  lnt.nalty  of  *aa  di.cbarge 
.111  bee on.  gr.at.r  co.par.d  .ith  th.  ga.  input  and  th.  pr.a.ur.  .111 
drop,  1...,  th.  proc...  .ill  r.v.ra.  ita.lf  to.ard.  point  a. 
maintaining  - const. 

In  .xacti,  th.  .a»e  .ay,  -hen  th.  pr.a.ur.  drop,  (to  the  left 
of  point  a),  th.  ...  inf lo.  proc...  -ill  b.  -or.  men...  and  tbi. 

.Ill  cau..  th.  pr...ure  to  incr.a..  and  to  tend  to.ard.  P-  - const. 

Therefore ■ at  lo.  pr...ur..,  .hen  th.  burning  rate  la-  i» 

„ - ujpv,  th.  proc...  of  -aintaining  th.  ga.  pr...ur.  at  a .pacific 
1...1  .ill  b.  of  th.  ..If -regulating  hind;  tt  .ill  b.  -ore  .table 
conpar.d  .1th  th.  proc...  of  pr.-.ur.  chang.  .h.n^po.d.r  i.  burned 
at  high  pr.a.ur..  of  th.  order  of  1000-2000  kg/c.2 . 

Thl.  tendency  to.ard.  1—1  mg  off  of  th.  pr...ur.  can  b.  not.d 
h,  con paring  dlagran.  T.  1 md  *!=-.  1 und.r  dlff.r.nt  burning  rat. 

lae.  It  ha.  ben  ..t.bll.b.d  by  actual  t..t.  that  at  high  pr.a.ur.. 
at  £ > 0.10-0.12,  th.  int.gr.l  cur...  I a.  • motion  °f  *>  not 

d.p—d  on  A and  colncld.  at  dlff.r.nt  charging  d.nniti...  At  ..all 
charging  d.naltl..  a.d  lo.  pr-ure  th.  Int.gr.l  cur...  e.ue  loer 
position.,  .hich  ar.  th.  loer.  th.  .«U«  th.  charging  density. 

Correspondingly,  th.  t\  Y and  I, ** cur...  also  colncld.  at  high 
ch«gi^  dsnsitles;  at  lo.  chargiag  dsnaiti..  th.  T.  «V  cures  ar. 
gtspoMd  th.  higher,  th.  ssallsr  th.  .alu.  oil;  cur...  T.  «.  *t 
th.  sert,  ar.  lik..l.s  dl.poed  higher  and  ar.  th.n  lat.reced  by 
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r,  I curvta  at  high* 
Tdl  - 1 - const. 


of  b,  becnune 


the  total  art« 


- «*>*  »■  “““r- " 

For  ...»  ~ *"  ‘ ’ 

where  T.  I and  y,  I are  the  aane  for  different  ACfro.  O. 

_ . tsKa  129J  for  low  charging 

«•  .ball  cowtruct  an  addltlona  grap 

d„.ltl..  taking  Into  account  the  change  .*  t and  X obtained  -1th 

the  change  of  the  charging  dennlty.  Let  ^ 4 *2  * V let  '** 

hen  the  ,a.  Inflow  -1th  -eloclt,  T occur.  .»>  t.n.ou.X, 
-hat  happen.  -h-n  the  ga.  inn  A- 

with  a gaa  disbar ge  at  the  rate  of  — P«r  »«cond. 


. at  Snail  Va luea  of  t 

PI.  129  - Kate  of  Ga*  Inflo-  and  Dlacharge  at  sna 

_ m a the  .nailer  -ill  be  the  pree.ure 
The  anal laf  the  -alue  of  d,  the  anaiie 

__  . . 1La,d_,  1B  a conatant  cloaed  apace,  aad  the 

d— eloped  by  bnraia*  po-der  in  a cone 
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higher  -ill  be  the  disposition  of  the  T,  I curve  on  the  greph. 

When  the  Input  T.  balances  the  discharge  A-^-n'  at  point  a3, 

the  straight  line  ^=n’  .ill  He  above  ^ and  the  pressure  will 
begin  to  drop,  however,  at  a lower  pressure,  use  wust  be  -ade  of 
curve  r3  lying  above  ^ and  point  »2  can  be  intercepted  at  the 
Saae  pressure.  The  sawe  will  occur  in  region  a2-a1(  wherebj 

<^i  - the  burned  portion  of  the  charge  grows,  whereas  the 
pressure  regain,  constant,  because  the  gas  inflow  equals  the  gas 
discharge.  This  -111  not  occur  at  all  at  high  assures,  at  which 
curve  T,  I is  the  sa.e  even  after  it  intercept,  point  »2 

or  point  a3.  The  f\  I curve  will  be  disposed  below  line  , 

and  the  pressure  will  continue  to  drop  only. 

K.E.  TSIOLKOVSKY'S  FORMULA 

A rocket  is  propelled  by  the  reaction  force  produced  by  the 
gases  discharged  fro.  it.  The  Great  Fatherland  «»r  has  given  us 
Mnj  exa.pl..  of  rocket  application  both  in  our  country  and  in  the 
countries  of  our  allies  and  ene.ies.  These  -ay  be  exe.pllfied  by 
our  fsaous  "katu.ha.  or  by  the  Ger.an  .ul t 1-b.rreled  rocket  <-*»•> 

thrower* . 

V.  shall  present  her.  the  derivation  of  the  fa.ous  T.iolkov.ky 
form la  for  d.t.r.inlng  the  velocity  of  a rocket  on  the  basis  of 
th*  relation*  prw*#ntwd  aboww. 

,,  shall  designate  by  Q the  total  weight  of  the  rocket,  th. 
charge  included,  by—  the  -eight  of  the  powder  charge,  and  by 
q . th.  weight  of  the  rocket  less  the  charge,  so  that  Q <1  ♦ 
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in  flight  froa  Q to 


Tbe  total  Might  of  tho  rockot  will  vary 
Say,  tho  Might  of  the  gaaea  dlacharged  at  a giv.n  tlM 
r tho  aquation  of  quantity  of  notion  (oooontuo)  will  bo: 

Q ~ Y dv  - Rdt  -C  o^pdt  -C  nBdI, 

K 

but 

dY  - Gd  t - As^d I ; 


e 


lisinating  s^dl,  Ket 


Q - Y 


dv  - 


dv 


^g  <*T  - - -Sf 


A Q - Y 


. . SM  1B  _5_ 

A Q - T 


Tho  groatoat  voloclty 
from  tho  coabuttlOB  chtabtr 


d(Q  - Y) 

Q - Y 

2.303(g 

— log 
A 

will  obtain 
> i • • • > ^atX 


Q 

Q - Y* 

after  all  the  gas  is  discharged 

— u> : 


Y 


2.303Cg 


^5 32300  log  - 


da/sec . 


Thi«  is  Tsiolkovsky's  formula  derived  without  taking  air  resistance 
into  consideration. 

The  values  of  C depending  on  the  degree  of  expansion  of  the 
nozzle  were  presented  above.  The  table  given  below  given  these 
values  with  respect  to  the  ratio  between  the  discharge  diameter  da 
of  the  nozzle  and  Its  seal lest  cross  section  dB  (Table  32). 

Table  32 


“a  1 

d. 

1 

c 

1 .24 

! 

Therefore,  at  d^  d_  - 2 the  gain  in  the  reaction  force  produced 
cospared  with  a straight  nozzle  is  30%.  then  d./d.  is  increased  to 
3 and  4,  the  added  Increase  in  the  reaction  force  a.ounts  to  only 
7 and  4%,  rsspoc tivsly . 

Inasmuch  as  the  enlargement  of  the  discharge  cross  section  of 
the  nozsle  Is  associated  with  Increase  of  length  and  weight,  which 
add  to  the  weight  of  the  rocket  without  offering  any  appreciable 
advantage,  the  value  of  da/d,  la  actual  practice  is  taken  within 
tbs  limits  of  2-2.5. 

CgAPTO  4 - A BglKF  DI8CU8SIOW  OF  THE  TK»T  OF  THE 

mmi  BkAgg 

1.  GENERAL  CONSIDERATIONS 

A muzzle  brake  is  a device  attached  te  the  muzzle  of  the  barrel. 
Its  purpose  is  to  deflect  a portion  of  the  discharged  gases  In  the 
direction  of  the  barrel  recoil  and  thua  reduce  the  velocity  of  recoil 
sad  tbs  load  lmpomsd  os  tbs  gun  mount. 
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A portion  of  the  gas  entering  tha  nuzzle  brake  novas  in  the 
direction  (behind)  tha  projectile  through  the  center  opening  of  the 
brake,  nnd  the  other  portion  of  gaa  is  discharged  through  aide 
openings  of  the  brake  in  the  direction  of  recoil. 

The  deflection  of  the  gases  to  the  sides  reduces  the  quantity 
of  gas  passing  through  the  center  opening  of  the  brake  behind  the 
projectile,  nnd  thin  serves  to  reduce  the  -arinun  velocity  of  recoil. 
The  reaction  produced  by  a portion  of  the  gases  discharged  through 
the  side  openings  creates  a force  counteracting  the  power  of  recoil 
and  also  rtttrdf  the  latter. 

Thus  the  main  purpose  of  a nuzzle  brake  is  to  reduce  the  energy 
of  the  recoiling  parte. 


Introducing  the  deeignat ions : 


. naxinun  velocity  of  free  recoil  without  nuzzle  brake; 

v - velocity  of  free  recoil  at  the  end  of  gas  after-action  in  the 
T 

presence  of  a auxtle  brake, 

then  the  efficiency  of  the  nuzzle  brake  nay  be  called  the  relative 

reduction  of  the  kinetic  energy  of  the  recoiling  nasnes,  l.e., 

V3  - V2 
'max  T 


The  corresponding  relative  reduction  of  the  naamun  velocity  of 
rtcoil  can  be  denoted  thus: 


whereby 


y - r(2  - r). 
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r 


If  tbt  difftr«nce  b«tvteo  the  weights  of  the  recoiling  part* 
in  the  presence  of  the  aussle  brake  (Q^  and  in  the  absence  of  the 

latter  (QA)  is  taken  into  account: 

o 2 

V3  - — V 
■ax  Qo  T 


T - 


The  simplest  types  of  ■uzale  brakes  are  the  ’active  brakes, 
whose  action  is  based  on  the  impact  of  gases  escaping  in  the  wake 
of  the  projectile  against  a surface  fastened  in  front  of  the  barrel 
(fig.  130). 


Fig.  130  - Oiagraa  of  an 
Active  Brake. 


Fig.  131 


Diagram  of  a Reaction 

Brake . 


In  r. action  brakes  the  gases  are  discharged  through  cur.ed 
passageways.  The  change  of  noosntun  along  the  bore  axis  will  be 
egnnl  to  the  reaction  inpwlse  of  the  streaa  against  the  deflecting 
brake  emrface  (fig.  131). 

2.  CAB  REACT  I OB  FttSSUU  OB  THE  BALLS  OF  A CWfID  BOBE 
OF  A HDZXLE  BHAEEC  * ) 

Lot  us  not  consider  the  flow  of  gss  through  a cursed  bore  (fig.  132) 

(e)  o.g.  Teatsel,  "TimmUTi  BALL  I ST  HA"  (Internal  Ballistics) 
a...  Il.  ltH, 
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who.,  .ntr.nc.  cro..  ..ction  i.  Ft  .nd  «lt  cro..  ..ctio.  i.  F,. 
Th.  pa.-g-mf  loclln.d  .t  an  angl.  r-«”ct  l°  the 

bor.  .xi.  »t  th.  .ntr.nce  opening  .nd  .t  .n  .ngl.  *2  «t  th.  ..it 

opening . 

«.  .h.ll  .pply  th.  equation  of  th.  change  of  -o-entu.  to  th. 
volu..  of  g..  bound. d by  the  curved  nil.  of  the  bore  .nd  the  two 

section.  .nd  F2  norn.l  to  it. 

The  ««•»  of  g«»  entering  the  bore  through  section  F 1 during 

the  ti..  interval  dt  I.  \ dt.  -ho.e  co.ponent  of  the  .o^ntu. 


.long  the  Mi.  of  the  gun  barrel  equal. 


U^coa  a ^ d t . 


The  ....  g«.  ->»•  exlt  thrOU*h  8*Ct,OD  V *n<1  Wl“  b*V* 

a co.pon.nt  of  the  .o.entu.  .long  the  s.ee  Ml.  equal  to 


-X.  U_  CO.  a dt. 


Th.  lDcr.Mnt  of  th.  projection  of  th.  -o~ntu.  of  th.  given 
Toius(  on  th.  .-Ml.  oq.nl.  »h.  .1—nt.r,  i.pul..  of  ti..  dt  .long 
th.  .-Ml.  of  th.  tot.l  pr.o.ur.  ...rt.d  by  th.  bor.  on  th.  gu  .nd 

th.  proonur..  in  th.  Motion.  nor«.l  to  it. 

InMMCh  m th.  co.pon.nt  of  th.  pr...ur.  ...rt.d  by  th.  bor. 
on  th.  |M  .long  th.  « «l.  «•  co.pon.nt  of  th.  fu  reaction 

on  tho  boro  oith  it.  sign  r.v.r..d,  oo  cm  orit. 
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-i-<U2  cos  02  - Uj  COI  a^dt  “ 


dt  + c os  a1dt  - F2P2  co»o2dt. 


whence,  bearing  in  eind  that  > — and  cos  o2  < o, 


(U2|cos  a2  I + U1  COB  al)  * F2P2  cos  a2 I * Fipl  co®  al* 


Fig.  132  - Diagras  of  Forces  Acting  in  the  Bore  of  the 

Muzzle  Brahe. 

It  follows  that  the  cosponent  of  the  gas  reaction  on  the  bore 
alone  the  x-axis  is  positive;  it  counteracts  the  recoil. 

If  the  brake  has  several  bores  or  passages  inclined  at  the  saee 
angles  o^  and  a^,  the  expression  for  the  reaction  of  the  whole  brake 
will  reeain  exactly  the  ease,  where  the  designations  RTx,  G^,  F ^ , Pj 
relate  to  the  sue  of  the  areas  of  all  the  passages  in  the  brake. 

3.  TOTAL  R1ACTIOM  R^  OH  THE  GUM  BT  GASES  DISCHARGED  THROUGH 
THE  MUZZLE  BRAKE 

A gun  equipped  with  a nuzzle  brake  is  subjected  to  the  following 
forces  sc ting  along  its  axis  during  gas  discharge. 

1)  The  c Deponent  along  the  x-axls  of  the  reaction  of  gases 


discharged  through  the  forward  end  of  the  brake  (uuxsle  opening  of  the 
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barrel) 


R,  • -(k  ♦ *p  "c‘p- 


2)  The  component  along  the  x-axls  of  the  reaction  of  gases 
flowing  into  the  muzzle  brake  through  section  F1 


— cos  clx  - f1P1  cos  aL 


— + Vi  cos  °i- 


3)  The  component  along  the  x-axis  of  the  gas  reaction  on  the 
passageways  of  the  nuzzle  brake  (forsula  99) 


HTx  - — (U*IC°8 


Vx  cos  ax)  + ^2p2  cos  a2  * Flpl  cos  al * 


W«  shall  assume  that  the  gas  begins  to  flow  sisul taneously  through 
all  the  openings  after  the  base  of  the  projectile  has  passed  through 
the  suzzle  face.  The  component  of  the  total  reaction  along  the  x-axis 


--C.P+  V2  Hc~°* 


The  first  term  is  greater  than  the  second,  and  the  sinus  sign 
in  frost  of  the  first  term  indicates  that  the  total  gas  reaction  on 
the  gns  sets  in  a direction  opposite  to  that  of  the  x-axls  (opposite 
to  the  direction  of  the  projectile's  motion).  The  closer  angle  Oj 
approaches  t , the  greater  the  wslses  of  CT  and  and  the  greater  the 
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reaction  force  of  tht  brtkt. 

Obviously,  tho  entry  angle  Oj  to  th.  passageways  In  *bo  brake 
does  not  enter  Into  the  expression  tor  the  total  reaction  Rr. 

In  computing  the  anount  GT  and  the  velocity  V2  o t the  discharge 
fro.  the  passageways,  we  shall  u.e  the  assu.ption  that  the  pressure 
Pl  at  th.  entrance  to  the  brake  passageways  1.  critical  -1th  relation 
to  the  Man  pressure  in  the  bore  of  the  gun  at  a given  instant: 


( 2 y/k-1 

pi  - *cr • p ’[m.  ) Pi 


the  lnconing  gas  velocity  -ay  be  disregarded. 

By  .spending  In  succession  the  vslues  In  » Prof.  D.A. 
reduced  this  expression  to  the  following  general  for.: 


rC»P. 


where 


ar  - 1 - rn 


YX 


v VPl  ' 


44ft 
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In  the  last  expression: 

x . . -w-im  ~ «“ 

(X  - 0.75-1-0  at  ^ 30°); 

M-  . . coefficient  depending  on  the  entr.nc.  angle,  a,  and  »2 
°l  * * ~ aa  . it.  value  16  given  in  a tab) 
in  tern,  of  expre..ion  5 

Table  33 


1 T~ 

Iz. 

Fl 

pj_ 

pi 

.1.01  ^ 

i 

0.5  i 

1 .06 

0.4 

1.19 

0.3 

1.46 

0.2 

2.25 

0.1 

3.61 

0.05 

11.8 

0.01 

The  ratio  of  the  pr...ure.  at  the  entr.nc 

mtio  r F and  is  determined  fro.  Table  33. 
bore  p^Pi  depend,  on  the  ratio  t2 


♦ X - °*2 

2 

Y 

15° 

0 

o 

35° 

30° 

40° 

50° 

0 

o 

0 

o 

r- 

j -j 

| 0.725 

0.770 

l 

0.815 

i 

j 0 . 845  | 

| 0.890 

0.920 

j J 

0.940 

^ 

0.950 

“ OTWUi  mpoLSB  or  THE  TOTAL  GAS  REACTION 

...hout  a nussle  brake,  ee  will  have  the 
Sinll.rly  to  a gun  wlthou  

- riDi  the  period  of  after-action  between  the  ga.e.  and 
following  during  tn#  pariuu 

brake: 

V1  ▼.  _ W V .a 

?|-(Tt  - To.)  - j *c<“  - T ~2~  " *c  " « 2 
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AssubIbs  aE  - o^.P.  substituting  tbl.  «P~ 

l.puls.  Ic  »«<*  i^grktlng.  •• 


sbIod  for  th« 


iE  - «j:*,pa 


2k/k-l 


0 (1  + Bct) 


J 2 1 

- u m ) be 


k+l/  k-1 


a ♦ Bj.tJ 


k,  k-1 


Vtt/BXB+l/  k-1) 


' - “ * 11  (rrr ) ■ 

/ „ \a/a>(k+i/  k-i  v *apA«* 

■-H-Hrf:)  TTu 


»C-  •' 


Th«  fvaetlOB  in  brsckots  i»  clo“*  10  U q*  + 0.5- 

Opo«  xs  - 7 -r5  *nd  v- ' «o  v ln 

. _ M Mt  tk*  (iUl  ssprosslon: 

for  »Ti  *•  «•*  . \./2 

t.-4-M*)*****^)  * 


the  eiprtMio# 
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A — - -2-1  + — V ' 

oT  a 10  l r * / A 


a / a V/a  c* 


" a=  * U ♦ i 


At  k - 1.2 


- 1.58»o.  *n d c - 10,85 


PAC1  ♦ Aa> 


tor.  p 1.  in  **/«*.  th.  e.loclty  1.  in  n/.ec,A  i*  in  d-  • 

Using  tb.  .bo*.  fornul*.  *e  c.n  calculate  the  eslocity  »T  »t 
th.  .nd  of  th.  period  of  .ft.r-.ction  on  the  barrel  .nd  d.t.r.lne 

the  efficiency  of  the  brake: 


efficiency 


•f -5 " 1 


1 ♦ be—  \ 

Q 


1 ♦ £ -— 

\ <1/ 


Ae  efficiency  of  ■od.rn  ■oi.le  br.k..  *»J  **•  °*  th*  ord* 
40-50*  .nd  even  70  .ad  50*  In  wceptionnl  cnee. 

C.lcul.t.  th.  efficiency  of  . •*»!•  »****••  th* 

characteristics  of  the  glean  *»■  ** 


U A it«.  K _ 


a m w _ • iooo  */■•«;  p*  • 9S3 
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p art  two-the  theory  am_p 
« „ A nr  t rx  O V s O L V I KG  PRO  B L E M S IK 
P * , , T , » H A L B A L L I S T TTJ 

(THEORETICAL  AND  APPLIED 
V PYRODYNAMIC  S) 

INTRODUCTION 

On  the  basis  of  the  widespread  study  of  the  phenomena  and 
processes  occurring  during  a discharge,  Internal  ballistics  must 
establish  the  laws  relating  the  conditions  of  loading  to  the 
quantities  depending  upon  the-  - called  ballistic  elements  of 
discharge- and  must  furnish  the  method  of  solving  a large  number 
of  problem*  encountered  in  practice. 

The  establishment  of  such  laws,  providing  the  means  for  regulating 
a discharge,  constitutes  the  general  problem  of  internal  ballistics. 

The  conditions  of  loading  include  the  following:  the  dimensions 
of  the  powder  chamber  and  those  of  the  bore  of  the  barrel,  the  weight 
of  the  latter,  the  arrangement  of  the  rifling  in  the  bore,  the  weight 
•md  arrangement  of  the  projectile,  the  pressure  necessary  to  overcome 
the  inertia  of  the  projectile,  the  weight  of  the  charge,  the  make 
of  powder,  the  physico-chemical  and  ballistic  characteristics  of 
the  powder,  the  characteristics  of  the  expansion  of  gases. 

The  ballistic  elements  of  a discharge  include  the  path  of  the 
projectile  l , its  velocity  v,  the  pressure  of  the  powder  gases  p, 
their  temperature  T,  all  values  varying  with  time,  and  also  the 
quantity  of  |uwy  formed  at  a given  time. 

In  solving  the  above  general  problem  of  internal  ballistics, 

Lae  may  dlmtiagmlmh  two  fundamental  and  most  important  problems  of 
.wrodvnamlcs.  and  a merles  of  special  problems. 
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The  first  fundamental  problem  consists  in  determining  by 
calculation  the  change  in  gas  pressure  and  the  velocity  of  the 
projectile  in  the  barrel  as  a function  of  the  path  of  the  projectile 
and  of  time,  for  given  loading  conditions.  Together  -1th  the 
curves  p.  I -v.  I-P.  *-*.  t t-o  most  important  loading  characteristics 
of  the  gun  are  determined:  the  maximum  gas  pressure  p.  in  the  bore, 
and  the  muzzle  velocity  vA  of  the  projectile,  i.e.,  the  velocity 
of  the  projectile  at  the  instant  it  leaves  the  barrel  of  the  gu 
This  problem  -ay  be  called  the  direct  problem  of  pyrodynamics . 

For  given  conditions  of  loading  it  has  a single  solution 
single  pressure  curve  with  maximum  P.,  a single  velocity  curve  for 

the  projectile,  and  a muzzle  velocity  vA. 

By  varying  the  conditions  of  loading,  it  is  possible  to 
analyze  the  effect  of  these  conditions  on  the  variation  of  the  gas 
pressure  and  projectile  velocity  curves,  i.e.,  it  is  possible  to 
solve  a series  of  special  problems  related  to  the  solution  of  the 

direct  problem. 

The  second  fundamental  problem  of  pyrodynamics  is  the  problem 
of  the  ballistic  design  of  the  gun:  it  consists  in  determining  the 
design  data  of  the  barrel  and  conditions  of  loading  necessary  to 
impart  so.,  definite  initial  (muzzle)  velocity  to  a projectile  of 
. given  caliber  and  -eight.  This  velocity  1-  determined  fro-  the 
tactical  and  technical  requirement,  imposed  upon  the  gun  to  be 
constructed. 

in  solving  such  a problem,  the  maximum  gas  pressure  Is  usually 

given. 

The  design  data  and  conditions  of  loading  insuring  that  a 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


projectile  of  a given  caliber  and  .eight  will  attain  the  desired 
velocity,  are  obtained  fro-  the  solution  of  the  above  proble-.  Once 
the  conditions  of  loading  are  given,  gas  pressure  and  projectile 
velocity  curves  are  drawn  as  a function  of  path  and  time,  i.e., 
the  direct  proble-  of  internal  ballistics  is  solved  for  the  selected 

type  of  gun  and  charge. 

The  obtained  curve  p,  f used  by  the  engineers  to  calculate 

the  strength  of  the  gun  barrel  and  projectile  shell,  while  the 
curve  P.  t is  used  to  design  the  carriage,  the  ti-e  fuzes  and  the 
igniters.  At  the  same  Use,  the  necessary  thickness  and  shape 

of  the  powder  which  -ust  be  prepared  at  the  factory,  are  given. 

Thus  the  further  planning  of  the  entire  syste.  of  artillery 
and  of  the  necessary  a— unltion  depends  to  a considerable  extent 
upon  the  feasibility  and  rationality  of  the  selected  for-  of  the 
ballistic  solution. 

This  is  why  the  proble-  of  the  ballistic  design  of  guns  is 
the  principal  applied  proble-  of  interior  ballistics. 

The  proble-  of  ballistic  design  is  broader  than  the  first  proble-; 
lt  include,  the  latter  as  a final  step  and  is  in  reality  an  inverse 
proble-  of  interior  ballistics.  It  ad.its  of  nu-erous  solutions, 
nu-erous  co.bin.tlons  of  gun  design  data  and  loading  conditions  under 
which  a projectile  of  a given  caliber  and  weight  will  attain  the 
required  auzzlc  velocity* 

Because  of  the  lndeter-inate  character  of  the  solution,  there 
arises  the  need  of  developing  a definite  -ethod  for  obtaining  the 
necessary  answer  in  the  shortest  possible  ti-e,  and  for  selecting 
fro-  a-ong  this  -ultipllclty  of  solutions  the  -ost  efficient  and 
desirable  solution,  satisfying  the  tactical  and  technical  require-ent- 
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imposed  upon  the  |uo  to  be  designed. 

In  this  connection,  special  problems  arise  with  regard  to 
finding  the  aost  desirable  solution,  and  for  obtaining  a gun 
of  aaxiaua  power  and  ainiaua  length  or  volume,  the  most  suitable 
projectile,  and  the  aost  desirable  loading  conditions. 

The  solution  of  these  special  problems  permits  in  turn  to 
pose  the  problem  of  the  development  of  a general  theory  and 
method  of  ballistic  design  which  would  take  into  account  the  most 
desirable  solutions  and  tactical  and  technical  requirements. 

Besides  the  indicated  fundamental  problems  of  internal 
ballistics,  there  is  also  a series  of  special  and  secondary  problems 
introduced  below. 

For  a given  bore  and  a given  projectile  weight,  calculate  the 
weight  u>  of  the  projectile  insuring  a given  muzzle  velocity  vA, 
and  the  thickness  2e ^ of  powder  giving  the  required  maximum  pressure 


Because  of  the  complexity  of  the  phe noaenon  of  discharge,  not 
all  of  its  details  can  be  taken  into  account,  even  approximately; 
some  of  these  details  must  be  neglected  and  can  not  be  introduced 
into  the  mathematical  equations  expressing  the  relations  between  the 
separate  processes  occurring  during  a discharge. 

For  this  reason,  the  equations  of  internal  ballistics  give  only 
approximate  values  of  p,  v,  / , and  t.  But  since  in  practice 
these  equations  must  giws  results  agreeing  with  experimental  data, 
it  is  nscemmary,  in  order  to  Insure  this  agreement,  that  the  problem 
be  solved  by  selecting  certain  constant  characteristics.  When  these 
art  substituted  into  the  equations,  they  give  values  of  pB  and  vA 
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for  the  gases  and  the  projectile,  respectively,  which  values  correspond 
to  the  results  of  firing  tests. 

The  very  Banner  in  which  the  problem  is  posed  inoicates  that 
the  processes  taking  place  during  a discharge  are  not  yet  all 
known  and  analyzed.  For  this  reason  one  of  the  main  problems  of 
internal  ballistics,  that  must  be  eventually  solved,  is  the  exact 
determination  of  constants,  those  of  the  gunpowder  in  particular, 
as  derived  from  its  physical  and  chemical  properties.  The  determination 
of  the  powder  constants  involves  a more  exact  method  of  pressure 
determination  by  experimental  means,  because  all  the  ballistic 
characteristics  (f,  a,  ) are  determined  from  the  latter. 

In  addition  to  the  problems  enumerated  above,  one  should  note 
the  problem  of  determining  the  variation  in  the  maximum  gas  pressure 
and  in  the  initial  projectile  velocity  under  specific  changes  in 
loading  conditions,  as  well  as  a series  of  other  problems. 

The  fundamental  elements  of  a discharge  - / , v,  p,  T,  ^ and 
t - are  interrelated  by  a series  of  equations  expressing  the 
fundamental  processes  taking  place  during  a discharge,  l.e.:  the 
burning  of  the  gun  powder  and  the  formation  of  gases,  the  trans- 
formation of  the  thermal  energy  of  the  gases  into  the  kinetic 
energy  of  the  system  projectile  - charge  - barrel,  and  the  movements 
of  parts  of  this  system. 

The  methods  of  solution  of  theoretical  pyrodynamlcs  must  make 
it  possible  to  compute  and  establish  the  dependence  of  gas  pressure 
and  of  the  velocity  of  the  projectile  on  the  path  and  the  time  it 
takes  the  projectile  to  move  through  the  gun  barrel,  l.e.,  to 
solve  the  fundamental  direct  problem  of  internal  ballistics. 
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The  methods  of  solving  problems  in  pyrodynanics  say  be  divided 
into  analytical,  numerical,  e.pirical  and  tabular  methods. 

The  empirical  methods  were  of  definite  advantage,  so  long  as 
the  theoretical  concepts  of  internal  ballistics  had  not  been 
sufficiently  developed. 

They  were  based  on  sose  relatively  simple  empirical  equations 
expressing  in  a simplified  form  the  experimentally  obtained 
interrelations  of  the  elements  of  a discharge.  Tables  mere  used 
along  *ith  these  equations,  which  tables  offered  the  means  for 
computing  very  rapidly  the  elements  of  the  curves  depicting  gas 

pressure  and  projectile  velocity. 

The  empirical  methods  were  derived  from  the  analysis  of 
experimental  data  obtained  in  firing  weapons  under  different 
conditions,  with  the  characteristics  and  constants  entering  into 
these  expression,  determined  from  the  conditions  of  the  experiment. 

The  disadvantage  of  these  methods  (formulas  and  tables)  consists 
in  the  fact  that  they  fall  to  take  into  account  certain  very  important 
factors  and  conditions  of  loading,  and  that  such  methods  -ay  be 
applied  only  under  the  conditions  and  within  the  limits  established 

for  the  given  cue. 

The  number  of  empirical  equations  and  tables  is  very  large; 
prior  to  the  development  of  analytical  solutions,  the,  -ere  of 
primary  value  because  of  their  .implicit,.  But  the  appearance  of 
exact  theoretical  solutions,  taking  into  account  with  sufficient 
completeness  the  Influence  of  most  of  the  condition,  of  loading  and 
singularities  of  the  processes  occurring  during  a discharge,  made 
it  possible  to  solve  all  the  fundamental  problem,  of  pyrodynsmic. 
by  Beans  of  exact  analytical  relations.  A.  a result,  many  empirical 
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equations  and  tables  have  lost  their  significance  and  are  now  used 
only  in  certain  auxiliary  cases. 

The  analytical  Methods  are  based  on  a series  of  assumptions 
characterizing  the  conditions  of  powder  burning  and  the  motions 
of  the  gases,  projectile  and  gun;  these  assumptions  are  based  chiefly 
on  experimental  or  theoretical  data  expressing  the  physical  side 
of  the  process  of  discharge. 

For  this  reason,  analytical  methods  of  solution  give  a more 
profound  understanding  of  the  real  nature  of  the  phenomenon  than 
empirical  methods,  and  approach  more  closely  the  essence  of  the 
processes  taking  place  during  a discharge. 

In  the  analytical  method  the  problem  is  reduced  to  the  solution 
and  integration  of  differential  equations  of  different  types.  This 
solution  can  be  obtained  with  greater  accuracy  (in  which  case  the 
resulting  equations  become  more  complex),  or  approximately  (which 
results  in  simpler  relations). 

Solutions  may  be  given  for  the  more  complex  cases  obtained  in 
practice,  and  also  for  simplified,  admittedly  schematic  cases,  in  which 
case  the  analysis  of  the  relationships  is  simplified. 

Solutions  may  be  based  on  the  geometric  and  physical  lavs  of 
powder  burning. 

Tables  of  auxiliary  values  or  functions,  necessary  to  calculate 
certain  Intermediate  values,  are  prepared  in  order  to  expedite  and 
siapllfy  the  computations  involved  in  the  solution  of  problems. 

Xuaerlcal  methods  of  integrating  a system  of  differential 
equations  are  used  along  with  the  analytical  methods.  The  Integration 
is  usually  performed  by  the  method  of  finite  differences  or  by 
expansion  in  Taylor's  series.  Theme  methods  are  resorted  to  in 
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especially  difficult  cases,  when  the  value  of  one  or  several  parameters 
varies  throughout  the  process  of  discharge  and  their  variation  does 
not  permit  to  solve  the  problem  analytically  in  finite  form.  This 
happens,  for  example,  when  the  cross  section  of  a barrel  bore  varies 
(tapered  bore),  or  when  the  parameter  0 varies  throughout  the 
discharge  accompanied  by  a varying  gas  temperature  or  by  a change 
of  the  coefficient  <f>  depicting  to  secondary  work  done  in  the  process, 
etc. 

On  the  basis  of  analytical  or  numerical  solutions,  it  is  possible 
to  set  up  numerical  tables  of  the  fundamental  elements  (p,  v,  / , t) 
for  different  loading  conditions  and  some  general  constants.  These 
tables  enable  one  to  plot  very  rapidly  the  necessary  curves  p,  / and 
v,  l or  p,  t and  v,  t with  a minimum  number  of  calculations.  In  so 
doing,  the  process  of  solving  the  direct  problem  is  greatly  simplified 
and  expedited.  These  tables  are  usually  set  up  for  certain  average 
values  of  the  constants  (characteristics  and  shape  of  the  powder), 
although  in  practice  one  may  encounter  a series  of  regressions  from 
these  average  values.  In  that  case  it  is  necessary  to  introduce 
appropriate  corrections  into  the  results  obtained. 

Thus  the  ballistic  tables  for  the  solution  of  direct  problems 
of  pyrodynamics  are  in  reality  analytical  equations  reduced  to 
numerical  values  in  a series  of  concrete  loading  conditions. 

Bow ever,  the  ballistic  tables  enable  one  to  solve  a series  of 
problems  which  cannot  be  solved  directly  by  means  of  analytical 
equations. 

The  basic  difference  between  tabular  values  and  analytical 
equations  is  the  following:  because  of  their  complexity,  the 
analytical  equations  do  not  give  a direct  relationship  between 
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pressure  or  velocity  and  path  length,  *»r  ex.sple  ; these  variable, 
sr.  usually  related  through  ao.e  auxiliary  variable. 

in  tables,  on  the  contrary,  the  basic  ele-ents  of  discharge 
are  interrelated  directly:  the  pressure,  the  projectile  velocity, 
and  the  tise  of  its  travel  through  the  barrel  are  given  in  function 
of  the  path  traversed  by  the  projectile;  this  si.plifles  considerably 
the  anal,.!-  and  per.lts  the  developsent  of  a special  -ethod  for 
solving  probless  shlch  cannot  be  solved  by  analytical  -eans. 

The  development  of  the  theory  of  ballistic  design  bee 
possible  only  with  the  Introduction  of  tables  for  the  solution  of 

internal  ballistic  probless. 

....  re.non  .«•  Hr.,  >“bl“  r"'  *“  °"r 

p„,  o.  bn...  "> 

or  .....  ..........  »•••  •*'> 

...  Involved  In  " 

....  ...  . ........ -»•>■« 

problems  In  pyrodynamlcs . 

They  also  served  a.  an  ex.sple  for  a series  of  -re  detailed 
tables  cospiled  subsequently. 
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SECTION  SIX  - ANALYTICAL 
METHODS  OF  SOLUTION  OF  THE 
DIRECT  PROBLEM  OF  INTERNAL 
BALLISTICS. 

BASIC  ASSUMPTIONS 

Vhen  we  examined  the  phenomenon  of  a discharge,  we  had  pointed 
out  its  extreme  complexity  and  the  fact  that  some  of  the  factors 
influencing  the  results  were  still  insufficiently  known.  For  this 
reason,  when  solving  theoretically  the  fundamental  equation  and 
deriving  the  relations  between  the  phyaico-cheiical  and  mechanical 
phenomena  in  a discharge,  it  is  necessary  to  take  recourse  to  certain 
simplifications  and  schemes. 

The  basic  assumptions  are  as  follows: 

1)  The  burning  of  powder  obeys  the  geometrical  law  of  combustion. 

2)  The  powder  burns  under  an  average  pressure  p. 

3)  The  composition  of  the  products  of  combustion  does  not  change 
during  burning,  nor  during  the  adiabatic  expansion  of  the  gases  (f 
and  a are  constant)  after  the  powder  is  burned. 

4)  The  rate  of  burning  is  proportional  to  the  pressure: 


5)  The  auxiliary  work  done  is  proportional  to  the  principal 
work  of  the  forward  motion  of  the  projectile,  and  Is  represented 
by  the  coefficient^. 

6)  The  projectile  starts  moving  when  the  pressure  developed  in 
the  chamber  by  the  partial  burning  of  the  charge  equals  pQ,  i.e., 
vhen  the  pressure  is  sufficient  to  force  the  driving  hand  completely 
into  the  rifling  of  the  bore;  the  gradual  forcing  of  the  band  and  the 
increasing  resistance  encountered  by  it  are  not  taken  into  account. 
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7)  The  work  done  In  forcing  the  driving  band  is  not  accounted 
for  separately,  nor  the  increasing  velocity  of  the  projectile  during 

the  gradual  forcing  of  the  band. 

8)  The  expansion  of  the  barrel  during  the  discharge,  the 
gases  escaping  through  the  clearance  between  the  driving  band  and 
the  walls  of  the  gun,  and  the  air  resistance  are  disregarded. 

9)  The  cooling  of  the  gases  through  heat  transfer  to  the  -alls 
of  the  barrel  is  not  accounted  for  directly,  and  -ay  be  taken  into 
account  indirectly  (for  exa-ple,  by  decrees, ng  the  force  f - RTj 

or  Increasing  9 - 1 4 

10)  The  notion  of  the  projectile  is  considered  only  until 

it  passes  the  auMl®  face. 

^ \ i taken  s_  its  average  value. 

11)  The  quantity  ©-  (cp/cw>  - 1 is  la*en  a^ 

constant  throughout  the  discharge. 

The  assusptions  enuserated  above  sake  our  representation  of 
a discharge  -ore  schesatic,  and  deviate  the  pheno.enon  to  a greater 
or  lesser  degree  fro-  reality.  For  this  reason  the  relations  obtained 
in  the  solution  -ill  express  the  physico-ech.nlc.l  nature  of  the 
discharge  only  with  a certain  degree  of  approxi-ation.  Thus  the 
value,  of  the  fund.-ent.l  ele-nt.  («xl-u.  gx.  pressure  P.,  initial 
or  -uxsl.  velocity  V of  the  projectile)  obtained  fro-  these  equations 

not  coincide  with  the  value,  obtained  experimentally . nevertheless, 
ln  ord.r  to  solve  practical  probl.-s,  it  is  necessary  to  obtain 
analytical  data  which  would  agree  with  experi-ent.  For  this  reason 
(keeping  in  -ind  the  co.pl.xity  of  the  discharge  pheno-.no.,  the 
inco-plete  knowledge  of  it.  ele— ts,  and  the  dln.gr~.ent  betw~n 
our  bnslc  ...u-ption-  and  reality)  it  1.  nec.nn.ry  to  introduce 
coefficient,  of  "agre.-ent  with  .xp.rl.ent"  into  the  con.t.nts  obtnined. 
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Such  a method  Is  widely  used  in  v.rtous  scientific  1... 
(hydrodynamics,  secodynsmics,  etc.)  dealing  -ith  compiex  phenol  , 
cannot  be  fully  analysed. 

whose  details  cibdui  -ill  find 

Eventually,  as  our  knowledge  is  further  developed.  « - 

. . „ with  greater  accuracy 

it  possible  to  render  sose  of  the  assump 

t SOBe  of  the  conditions  not  yet  unders  o 
and  take  into  account  some  o plied. 

* ental  data  is  accumulated  and  near  methods  ar 
As  new  experimental  dat  . b 

rr i ved  at  may  be  modified  and  even  replaced  by 
the  deductions  arrived  at  y 

--“I:- — - 

ooeBjble  mathematical  accuracy.  Howev 
strive  to  obtain  the  maximum  poem  ce..ively  cumbersome, 

that  case  some  of  the  expressions  become  cx 

, ltt8  ,U1  fall  represent  the  true  phenomena 

so  that  even  exact  formulas  will  iaii 

d for  this  reason  certain  s i.pl i f ica t ions  -ay  be 
of  a discharge;  and  for 

.... ...» >»  >»  ?■■■>"••  "• 

» o,  .....  ..........  ‘»* 

„T .... ... ...... ..  ■*“ "*• 

— ......... ...  tbc 

With  an  appropriate  selection  o con  ri-ental 

also  yield  results  approaching  expe 
simplified  solutions  -ay  also  ,1.  „.ct  equations. 

d,t.  ..  closely  « those  obtained  by  the  use 

d vmm  A MENTAL  PROBLEM  WHEW  THE 

rniPTEB  1 - aOUmOW  OF  THE  IlfIBTl  * tS  POWW.  AlTO^ 


A.  „ of  PTrod3 r“"1 
, dee  . large  number  of  con.t.nt.  characterising  the  projectile, 

charge  — powder  which  determine  the  condition,  of  loading,  and  the 

four  variable.,  t.  v.  , and  P,  **  « ^ ‘ ‘h0t- 
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In  order  to  establish  the  relation  between  the  elenents  of  a 
•hot,  new  equations  are  added  to  the  fundamental  equation,  which 
are  the  equations  of  powder  burning  and  projectile  notion;  this 
leads  to  the  appearance  of  a new  variable,  the  time  t,  and  to  the 
appearance  of  quantity  z when  burning  proceeds  according  to  the 
geometrical  law. 

We  obtain  as  a result  the  following  system  of  equations: 

The  fundamental  equation  of  pyrodynami cs : 


? ) - fwf  - — »V2. 

2 


(1) 


The  rate  of  powder  burning: 


de 

u - -tt—  - u,p. 


The 


— u , y • 

dt  1 


law  of  generation  (inflow)  of  gases. 


- * z(  1 +Xz)  - H*  + *Xz. 


(2) 


(3) 


The  law  of  motion  of  the  projectile: 


ps  - «fm 


dw 

dt 


(4) 


pm  - if  av 


dw 

dt 


(5) 


The  totality  of  tbsss  equations  affords  the  solution  of  the 
fundamental  mathenatlcal  problen:  of  determining  the  curwen  p, l 
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.nd  , , and  .1-0  p.  t and  v.  t and  of  finding  in  p.rticul.r  the 

and  the  Buxzle  velocity  of  the  projectile, 

.ulna  gas  pressure  Pm  —a  the  -u*x 

,e  first  -olve  the  proble.  for  regressive  po.aer  shapes. 

, i X<  0.  u = 0)  and  the  assumptions 

using  the  two-term  formulas  (*  > 1-  x<  u 

enumerated  above. 

,e  shall  solve  the  problem  for  all  the  periods  of  a shot  in 


success ion . 


1.  preliminary  period 


■ben  establishing  the  relations  for  this  period,  -e  shall  assume 
the  simplest  form  of  the  phenomenon:  the  Instantaneous  forctng  of 

the  projectile  band  into  the  rifling. 

Fundamental  assumption-  If  the  force  necessary  to  overcome 

..........  ............  w “"J  - *"  *” 

completely  penetrating  the  rifling  is  nQ,  and  the  cross 

„ -ns  will  be  called  "the  pressure 

of  the  bore  is  s,  the  quantity  PQ  0 

to  overcome  the  inertia  of  the  projectile-  or  the  forcing  pressure 
«e  shall  assume  that  the  projectile  is  set  in  motion  at  tl*e  lnstan 
the  gas  pressure  attains  the  value  p0- 

n ..  ....  — ...  «.•■■«  »'  «"  p“”  ” 

. ........  ...  «*•  .*•“■  <“  P*r‘°a 

...... .......... ...  — -•>  »p»  *»*  ” 

pyrostmtics. 

In  this  period,  beside,  the  forcing  Pressure  pQ.  -e  -ill 
interested  1-  the  portion  of  the  charge  *0  burned  at  the  instant  the 
projectile  is  set  1-  -Ion.  in  the  relative  thlchnes.  of  t he  PO,  -r 
. . . and  1-  the  relative  surface  area  of  the  powder  V»1  0* 

*°  These  quantities,  characterising  the  end  of  the  preliminary 
Period,  are  sl-ult.-ou.l,  the  initial  value,  of  the  first  psrlod. 
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where  is  the  voluic  of  the  chamber;  u>  & in  the  volume  of  the 
charge  proper;  and  fg,  qb’  ^ B are’  respectively,  the  force,  co- 
volume, and  weight  of  the  igniter.  Under  the  usual  conditions  of 

ignition,  a_«->  ma y be  neglected. 

B B 

The  charge  proper  will  ignite  when  the  pressure  reaches  p ; 

B 

at  this  instant  the  pressure  is  determined  by  the  general  equation 
of  pyrostatics,  which  takes  into  account  the  effect  of  the  igniter. 
At  the  instant  the  driving  band  is  forced  in  the  rifling,  a certain 
portion  of  the  charge  will  have  burned,  and: 


where 


- a 


1 

T’ 


Inasmuch  as  the  forcing  pressure  pQ  is  known(«),  we  can  determine 


(*)  Pn  varies  between  250  and  400  kg/ cm2  for  shells  and  between 
300-500  kg/cm2  for  bullets  when  the  entire  side  surface  is  forced  into 
the  rifling  of  the  bore. 


i 

* 

3 


* 


p.„+0  of  ...  “■* 

prej^.li.  >•  <”  ,or  V ” 


f 1 I 1 1- 

(Pn  - pbM~  a 


1 1 

o a 


+o 


(8) 


* * (P0  - Pb’ 


P0  - PB 


1 

4 TI 


If  we  may  neglect  the  pressure  of  the  igniter,  because  pQ  i» 
known  only  approximately,  while  PjB  is  small;  we  will  obtain  a 
simpler  expression  for  computation: 


i JL 

* “ a 


(9) 


P0  6 


The  quantity  ^/0  ma 
between  0.02  and  0.10 


inly  depends  on  6.  and  varies,  in  general. 


If  the  amount  ^ Q 


of  the  burned  portion  of  the  powder  Is  known. 


and  the  law  of  powder  burning  Is  In  the  form. 


^ -it  x(l  + X*)  -#  * ♦ 


kXi2, 


we  can  determine  the  relatlwe  thlckneaa  *Q  - •0/ei  of  th*  P°wder 
burned  at  th.  .tart  of  aotlon.  and  th.  relatlwe  ~rf.c.  are.  *0. 
the  following  formula : 


•e  find  On  from 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Besides  these  character 1st ics,  we  will  also  require  the  value 
f ^0  - the  length  of  the  free  space  in  the  chamber  at  the  start  of 
■otion.  This  reduced  value  is  determined  from  one  of  the  following 
expressions : 


* 0 


*0  _ X / 


where 


2.  FIRST  PERIOD 

In  deriving  the  fundamental  relationships  for  the  first  period, 
Prof.  M.r.  Drondov  van  the  first  to  propone  the  introduction  of 
a 5t«  independent  variable,  i * * - *o  (the  relative  thickness  of 
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th.  powder  burned  after  the  projectile  1-  -et  in  -otlon). 

At  the  Instant  the  projectile  i.  set  in  notion  * - *0  »»<* 

x - O;  at  the  ending  of  burning  «(  ■ 1 ‘ ' “V 

Thus  the  Units  of  variation  of  the  nee  argunent  are  known 
advance.  Let  us  express  all  four  fundanent.l  ele.ents,  * , v,  f , 
and  p,  as  a function  of  this  argunent. 

!.  gelation  + - f^x).  Substituting  * - *0  ^ * ln  the  fornula 

a ^ 2 4 x , we  obtain; 


t - *x  ♦ ♦ *(1  + 2Xx0)x  ♦ KXx2, 


but 


wx„  + - *o:  1 + 2Xx0  * V 


"0  " ' o 

Introducing,  according  to  Drozdov,  the  additional  designation 
*G  - kl#  we  obtain  the  desired  relation: 


^ «.  ^ + k^X  . 


(10) 


2.  Ke let Ion  f 
of  motion: 


fa(x).  The  velocity  v enters  Into  the  e<iuation 
dv 

•p  -«*•  jr- 


Multiplying  these  equations  tern  by  tern  and  sinpli lying. 


!_  d_l_  . _!!l_  ^ d». 


Integrating  iron  0 to  v and  fron  zQ  to  z: 


si- 

- ^<z  - V - 


Prior  to  the  end  of  burning 


I 


Consequently,  the  velocity  of  the  projectile  at  the  end  of 
burning  can  be  computed  in  advance,  if  the  1 -pulse  of  the  powder 
pressure  IE  - and  the  cross-sectional  loading  of  the 

projectile  are  knoen. 

Inasmuch  as  the  quantities  «f  and  1 - *0  vary  relatively  little, 
the  velocity  of  the  projectile  at  the  end  of  burning  of  the  powder 
depends  Is  the  -sis  on  the  ratio  of  the  1 -pulse  IE  to  the  cross- 
sect tonal  load  q/s  os  the  projectile,  and  during  burning,  the  velocity 
of  the  projectile  rarien  in  proportion  to  *. 

Equation  (12)  permits  to  co-put e v^,  but  It  does  not  tell  us 
the  point  os  the  path  the  projectile  at  which  the  powder  Is  burned, 
whether  the  speed  vK  Is  properly  chosen  for  the  given  gun,  or 
whether  the  powder  is  fully  burned  before  the  projectile  leaves  the 

For  this  reason,  this  equation  alone  Is  insufficient,  and  It  Is 
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uctuary  to  find  nine  the  equation  for  the  path  traversed  by  the 

projectile  at  the  end  of  burning. 

Equation  (12)  1-  plotted  in  fig.  133;  it  shoes  the  curve  e,  f 
and  fives  the  value  of  V hut  it  doe.  not  shoe  the  positioo  of 
the  projectile  at  the  end  of  burning. 


rig.  133  - Path  of  the  Projectile  at  the  End  of  Po.der  Burning. 

3.  gelation  l - t^x) . In  order  to  determine  the  path  of  the 
projectile,  two  equation,  -ust  be  used:  the  fundamental  equation 
of  pyrodynanl.s  and  the  equation  of  motion  of  the  projectile  in 
the  fora  of  elementary  work: 

p •«*  + *>  - qr 


pad/  -<fmrdT, 


there 


eliminate  p by  dividing  the  second  equation  by  the  first: 


(«)  The  Knsaian 
Id i tor. 


subscripts  np  denote:  path  traversed  inside  a barrel. 
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V .nd  * - function.  of  x -cording  to  elation.  UC 
and  <»>.  the  right-hand  side  this  dllterentla!  elation  -a. 


represented  a.  a function  .«  *•  .„b.tltlltlM  for  v and  + 

De.lgu.tmg  thl.  function  by  dF(«) 
their  expression,  in  x ee  obtain: 


I 


dF(.)  - *= 


kx*  ♦ *x* 


•2l\+*  2 


p ^m?2t ** 


£L- 

f 


-(Sv4 


2,2/f--.  of  constant,  and  chsr.cterl.tlc. 
the  mmmm  group  . **/ Iw** 

„„„  ..  - — - «W  “ *””*• 

;t  — . » .. - - — -**- 

— 1—  c~.lt.—-  »"«•  »■ • P*r” 
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where : 


. , , 2 1 

*l(x)  * B, 


Bl 


Prof.  N.F.  Drozdov  was  the  first  to  solve  this  equation  exactly, 
in  1903,  by  reducing  it  to  the  fora  of  a linear  equation  of  the 
first  order: 

dt  ^ _B i m . 


dx  Bi  £^(x) 


(x) 


d l 
dx 


pi  - <jx. 


i 


where  and  Qx  are  functions  of  x. 

The  full  solution  of  this  equation  is  presented  later. 

A simpler,  but  approximate  solution  is  obtained  if  we  assume 

* - *Y.y.  " C°n,t- 

It  Will  be  presented  later  with  the  designation  of  the  parameters, 

with  some  of  the  auxiliary  functions  derived  according  to  Prof. 

Drozdov. 

During  burning  of  the  powder  at  the  start  of  the  projectile  s 
action,  nrlu  within  th«  llalta  of  nnd  l 
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the  end  of  powder  burning.  Comparing  it  with  the  full  path  t A 
traversed  by  the  projectile  within  the  bore,  it  is  possible  to 
determine  whether  the  thickness  of  the  powder  and  the  velocity  vK 
of  the  projectile  are  correctly  chosen  for  the  given  gun. 

In  computing  we  may  use  in  the  equation 

^av.  av* 


A.  -a 

5 


_1_ 


express  ion 


av . 


The  investigations  of  Prof.  C.V.  Oppokov  In  his  book  "O 
TOCHMOSTI  NBKOTORYKH  AMALITICHESK1 KH  SPOSOBOV  RESHENI YA  OSNOVNOI 
ZADACHI  VMJTRENXEI  BALLISTIKI  DLIA  PERVOGO  PERIODA  (Concerning 
the  Accuracy  of  Certain  Analytical  hethods  of  Solving  the 
Fundamental  Probles  of  Internal  Ballistics  for  the  First  Period), 
1932Z.  2_T  have  shown  the  following.  When  the  loading  density  Is 
A - 0.5-0. 7,  formula  (14)  is  very  accurate  for  evaluating  PB  and  vA , 
lf  ; is  not  taken  to  have  the  ease  value  for  all  the  values  x 

fros  *0  to  1 - *0,  and  if  a different  value  of  Is  taken  for 

every  value  of  x,  assu.Ing  either  of  the  following  values  for  ^ 
in  the  formula : y,v.  - < + - +0>  2 (0PP°kov>  or  " (+0  ' 2 

(Serebryakov) . 

Inasmuch  as  x is  directly  proportional  to  v _ equation  (11)_,  , 
equation  (14)  gives  in  fact  the  direct  relation  between  the  path  l 
mad  the  projectile  velocity  v. 

The  expression  for  Zx  presented  below  shows  that  this  relation 

is  expressed  by  s rather  complex  function. 

4.  Relation  p - f4(x).  The  pressure  p is  found  fros  the 

fusdassstal  equation  of  pyrodynasics : 
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* - 


fw 


If  the  quantities  v,  and  l are  replaced  in  the  right  hand  side 

by  their  expressions  in  function  of  x,  then 


f u)  to  • kl*  - Bl* 
^ 8 B 


fw 


(15) 


V !r  <Zx  Bl  - »> 


1 ’ 


where  ’ ^ can  be  represented  as  a function  of  x as  well. 

Inasmuch  as  *v  . v*  and  ’ are  already  determined,  it  is  no 
longer  necessary  in  computing  p to  use  equation  (15)  which  is 
expressed  in  terms  of  x,  and  the  numerical  values  of  ^ , v,  l, 
and  / can  be  substituted  in  the  preceding  equation. 

By  attributing  to  x different  values  within  the  limits  of  0 
to  1 - z0.  equations  (10),  (11),  (14),  and  (15)  permit  one  to 

find  the  values  of  all  the  elements  * • and  P of  a shot  entering 

into  the  fundamental  equation  of  pyrodynamics,  and  to  plot  a curve 
shoving  the  variation  of  p,  v,  ^ as  a function  of  l , i.e.,  the  curves 

p,  f and  v,  / . 

Consequently,  the  proposed  problem  concerning  the  solution  of 
the  fundamental  equation  of  pyrodynamics  has  been  resolved,  and  the 
relation  betveen  the  elements  has  been  found. 

Substituting  the  value  of  *E  - 1 - *0  in  the  above  equations,  we 
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. v P and  l corresponding  to  the  instan 

find  all  the  elements  Pg»  an  R 

. - 1).  These  values  will  be  the  initial 

burning  of  the  powder  ends  (y  ) 

values  in  the  second  period. 

Note.  The  expression  for  the  projectile  velocity  say  be 
replaced  by  the  following. 


*2  - 


2fw*  i 


•fin* 


whence , 


Thl.  expression  brings  on!  the  effect  of  the  Hating  verity 
of  U.  projectile  and  that  of  the  para.eter  of  fading  conditions.  B. 
since  in  oo.t  guns  B varies  -Ithla  narros  ll.lt..  " th#t 

the  velocity  Mlnly  depends  upon  the  potential  f 8 of  the  powder 

and  upon  the  relative  weight  q of  the  charge. 

j xdx 
„ 0 

netemlnatlon  of  the  function  Z%  - e 
evaluate  the  integral 


In  order  to 


x 

I 


xdx 


*!<*> 
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Inasmuch  as  the  quantity  b - \/l  + 4BlVkl  " V 1 + 4t 
is  itself  a function  of  the  parameter  Y " BlVkl’  tl>®  functlon 
Zx  actually  depends  only  upon  t.o  quantities:  the  constant  f - 

- B^q/*2  *nd  the  variable  & - Bx*  ki* 

1 Frol  these  data  it  is  possible  to  set  up  a t^le.  SlnC:'  lhC 
equation  of  the  path  contains  the  expression  Zx  the  tables  are 

set  up  for  log  Z^  to  sake  their  use  -ore  convenient. 

The  quantities  entered  (introduced)  are  y and  f • 

X 

xdx 


It  is  not  difficult  to  show  by  another  method  that 


) 2 kl 

0 x - -x-  - 


»1 


- in  zx  IS  » function  of  y - B^  k*  »«d  P - B^  k,,  if  the  nu-erator 
and  denominator  of  the  integrand  are  multiplied  by  sf  k*.  Then. 


xd 


In  Z - 


\2  B, 


p -r 


Tbi 


. expression  actually  -ho-s  that  In  Z,  is  a function  of  y 


and  P. 


-1 , 


The  table  of  the  logarithms  of  the  function  (log  Zx  ) is 
presented  below  (Table  1) • 
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\jr 

{3  \ 

0 

0.0005 

0.001 

— 

0.002 

0.004 

0.006 

0 

0 

0 

0 

0 

0 

<) 

0.020 

0.0088 

0.0080 

0.0075 

0.006? 

0.0057 

0.0049 

0.040 

0.0177 

0.0168 

0.0161 

0.0150 

0.0134 

0.0123 

0.060 

0.0269 

0.0258 

0.02*0 

0.0238 

0.0219 

0.0204 

0.080 

0.0362 

0.0351 

0.0342 

0.0329 

0.0307 

0.0290 

0.100 

0.0458 

0.0446 

0.0436 

0.0422 

0.0398 

0.0379 

0.120 

0.0555 

0.0543 

0.0533 

0.0517 

0.0491 

o.o4n 

0.140 

0.0655 

0.GS42 

0.0632 

0.061* 

0.0588 

0.0565 

0.160 

0.0757 

0.0744 

0.0734 

0.0716 

0.0687 

0.0663 

0.180 

0.0862 

0.0848 

0.0838 

0.0819 

0.0789 

0.0763 

0.200 

0.0969 

0.0955 

0.0944 

0.092* 

0.0893 

0.0867 

0.220 

0.1079 

0.1065 

0.1053 

0.1034 

0.1001 

0.0972 

0.240 

0.1192 

0.1177 

0.1166 

0.1145 

0.1111 

0.1081 

0.260 

0.1308 

0.1293 

0.1281 

0.1260 

0.1224 

0.1194 

0.280 

0.1427 

0.1411 

0.1399 

0.1378 

0.1041 

0.1009 

0.300 

0.1*49 

0.1533 

0.1521 

0.1409 

0.1461 

0.1428 

0.320 

0.1675 

0.1659 

0.1646 

0.1624 

1.1*85 

0.1** 1 

0.340 

0.1805 

0.1783 

0.1775 

0.1752 

0.1712 

0.1677 

0.360 

0.1938 

0.1922 

0.1908 

0.1884 

0.1843 

9.1807 

0.380 

0.2076 

0.2059 

0.2046 

0.2021 

0.1979 

0.19U 

0.400 

0.2219 

0.2201 

0.2188 

0.2163 

0.2119 

0.2980 

0.420 

0.2366 

0.2348 

0.2335 

0.2310 

0.2264 

0.2224 

0.440 

0.2518 

0.2*00 

0.2486 

0.2461 

0. 2414 

0.2373 

0.460 

0.2676 

0.2658 

0.2643 

0.2617 

0.2569 

0.2527 

0.480 

0.2840 

0.2822 

0.2806 

0.2779 

0.2730 

0.2687 

0.500 

0.3010 

0.2992 

0.2976 

0.2948 

0.2898 

0.2853 

0.520 

0.3187 

0.3169 

0.3153 

0.3124 

0.3073 

0.3026 

0.540 

0.3372 

0.3353 

0.3337 

0.3307 

0.3255 

0.3207 

0.560 

0.3565 

0.3545 

0.3529 

0.3498 

0.3445 

0.3396 

0.580 

0.3767 

0.3747 

0.3730 

0.3699 

0.3614 

0.3593 

0.600 

0.3979 

0.3959 

0.3941 

0.3909 

0.3852 

0.3799 
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0.008 

0.010 

1 

j 0.020 

| 0.040 

| 

0.060 

*) 

0 

0 

0 I 

0 

0.0044 

0.0039 

j 0.902? 

9.0017  ] 

9.0011 

0.0014 

0.0106 

0.0079 

0.9054  ? 

0.0041 

0.0192 

9.0181 

0.0144 

0.0103  1 

0.0081 

0.^275 

0.0262 

0.021* 

0.9161  ! 

0.0130 

0.036? 

0.9347 

9.0292 

0.022* 

0.9185 

0.0452 

0.0435 

0.0373 

0.0294 

0.0246 

0.0545 

0.0527 

0.0458 

0.0368 

0.0311 

0.0641 

0.0622 

9.0546 

0.0446 

0.0380 

0.0740 

0.0720 

0.0637 

0.0528 

0.0453 

0.0C42 

0.9820 

0.0732 

0.0613 

0.0530 

0.0947 

0.0924 

0.0830 

0.0702 

0.0611 

0.1055 

9.1031 

0.0932 

0.0794 

0.0695 

0.1166 

0.1141 

0.1037 

0.0889  ! 

! 0.0783 

0.1280 

0.1254 

0.1145 

0.0988  : 

| 0.0874 

9.1398 

! 0.P71 

0.1256 

0.1090 

I 0.0969 

0.1*20 

0.U91 

9.1371 

0.1196 

! 0.1067 

0.164* 

0.161* 

0.1490 

0.1306 

I 0.1169 

0.1774 

O.I743 

0.1613 

0.1419 

i 0.1275 

9.1907 

9.1875 

0.1740 

, 0.1536 

j 0.1385 

0.2045 

0.2012 

0.1871 

| 0.1659 

; 0.1499 

0.2107 

9.2154 

0.2007 

j 0.1786 

1 0.1617 

0.2  335 
0.2488 
0.2647 
0.2812 

0.2984 

0.3163 

0.3350 

0.3545 

0.3750 


0.2768 

0.2939 

0.3117 

0.3304 

0.3500 


o.i<n7 

0.2052 

0.2193 

0.2340 

0.2493 

0.2653 

0.2819 

0.2992 

0.3174 


0.1739 

0.1866 

0.1998 

0.2136 

0.2279 

0.2428 

0.2583 

0.2745 

0.2915 
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Table  1 - Table  of  Logrlthna  of  the  Function  log  Z~~  fc- , J- ) 


01 

0.002 

0.004 

0.006 

0.008 

0.010 

0.020 

0.040 

0.060 

0.080 

0.100  1 

0.1*0 

— 

0 . 200 

0 

0 

0 

0 

0 

I 

1 

0 

0 

0 

0 

0 

n 

0.0067 

0.0057 

0.0049 

0.0044 

0.0039 

0.90  2’ 

0.001? 

9.0011 

9.000*9 

9.  XX* 8 

0.0006 

0.0004 

161 

0.0150 

0.0134 

0.0123 

0.0014 

0.0106 

0.0079 

0.0054 

0.0041 

">.0033 

0.0028 

0.0020 

9.0015 

250 

0.0238 

0.0219 

0.0204 

0.0192 

0.0181 

0.0144 

0.0103 

0.0081 

0.0067 

0.0057 

0.0042 

0.OQ33 

U2 

0.0329 

0.0307 

0.0290 

0.0275 

0.0262 

0.021*' 

0.0161 

">.0130 

0.0109 

O.0.094 

0.9070 

• 4 

0.CH22 

0.0398 

0.0379 

0.0362 

0.0347 

".0292 

0.022- 

0.?185 

0.0157 

0.0137 

0.0104 

''.'084 

E33 

0.0517 

0.0491 

0.0471 

0.0452 

0.0435 

0.0373 

0.0294 

0.0246 

0.0211 

0.0185 

9.0142 

0.0116 

0.0615 

0.0588 

0.0565 

0.0545 

0.0527 

0.0458 

0.0368 

0.0311 

0.0269 

0.0238 

0.0185 

0.0152 

si 

0.0716 

0.0687 

0.0663 

0.0641 

0.0622 

0.0546 

0.0446 

0.0380 

0.0332 

*'.0295 

0.0232 

0.0191 

138 

0.0819 

0.0789 

0.0763 

0.0740 

0.0720 

0.0637 

0.0528 

0.0453 

0.0399 

0.0356 

0.0283 

0.0234 

tu 

0.0925 

0.0893 

0.0867 

0.0042 

0.0820 

0.0732 

0.0613 

0.0530 

0.0469 

0.0421 

0.0337 

0.0281 

>53 

0.1034 

0.1001 

0.0972 

0.0947 

0.0924 

9.0630 

0.0702 

0.0611 

0.0543 

0.0490 

0.0395 

0.0381 

166 

0.1145 

0.1111 

0.1081 

0.1055 

0.1031 

0.0932 

0.0794 

0.0695 

0.0621 

0.0562 

0.0456 

:.0384 

181 

0.1260 

0.1224 

0.1194 

0.1166 

0.1141 

0.1037 

0.0889 

0.0783 

0.0702 

0.0638 

0.0520 

0.0440 

99 

0.1378 

0.1341 

0.1309 

0.1280 

0.1254 

0.1145 

0.0988 

0.0874 

0.0787 

0.0717 

0.9588 

0.0499 

S21 

0.U99 

0.1461 

0.1428 

' 0.1398 

0.1^71 

9.1256 

0.1090 

0.0969 

0.0875 

0.0799 

0.06*9 

0.0561 

46 

0.1624 

0.1585 

0.1551 

1 0.1520 

I 0.1491 

0.1371 

0.1196 

0.1067 

0.0967 

9.0885 

0.0733 

9.0626 

75 

0.1752 

0.1712 

0.1677 

0.1645 

i 0.1615 

0.1490 

0.1306 

0.1169 

0.1062 

0.9974 

0.9810 

o.oey 

06 

0.1884  , 

0.1843 

0.1807 

0.1774 

: 0.1743 

0.1613 

0.141^ 

0.1275 

0.1161 

0.106? 

0.0890 

9.0?  A, 

46 

0.2021 

0.1979 

0.1941 

0.1907 

! 0.1875 

0.1740 

. 0.1536 

0.1^85 

0.1263 

0.1163 

0.0974 

0.0840 

88 

0.2163 

0.2119 

0.2080 

0.2045 

! 0.2012 

0.1871 

0.1659 

0.1499 

0.1370 

0.1264 

0.1062 

9.0917 

35 

0.2310 

0.2264 

0.2224 

0.2187 

, 0.2154 

0.2007 

0.1786 

0.1617 

0.1481 

S 0.1369  ; 

0.1153 

0.9998 

86 

| 0.2461 

0.2414 

0.2373 

1 0.2335 

! 0.2301 

0.2148 

0.  lc*17 

0.1739 

0.1596 

! 0.U78  ’ 

0.1247 

0.1082 

43 

0.2617 

0.2569 

0.2527 

0.2488 

j 0.2453 

0.2294 

0.2052 

0.1866 

0.1715 

! ".1589 

0.1345 

0.1169 

06 

0.2779 

0.2730 

0.2687 

i 0.2647 

0.2610 

; 0.2446 

0.2193 

0.1998 

0.1839 

j 0.1705  | 

0.1447 

0.1260 

16 

0.2948  ; 

0.2898 

0.2853 

0.2812 

0.2773 

0.2604 

0.2340 

0.2136 

0.1968 

j 0.1827  ■ 

0.1554 

0.1354 

53 

0.3124  1 

0.3073 

0.3026 

0.2984 

0.2943 

j 0.2768 

0.2493 

0.2279 

0.2102 

1 0.1954  I 

0.1665 

0.1452 

17 

0.3307  | 

0.3255 

0.3207 

0.3163 

0.3121 

! 0.2939 

0.2653 

0.2428 

0.2242 

0.2086 

0.1780 

0.1555 

*9 

0.3498  ! 

0.3445 

0.3396 

0.3350 

0.3307 

| 0.3117 

0.2819 

0.2583 

0.2388 

0.2223 

0.1900 

0.1662 

10 

0.3699  j 

0.36U 

0.3593 

0.3545 

0.3501 

1 0.3304 

0.2992 

1 0.2745 

0.2540 

0.2366 

0.2025 

! 9.1773 

B 

0.3909 

0.3852 

i 

0.3799 

0.3750 

0.3704 

1 0.3500 

i 

0.3174 

! 0.2915 

0.2699 

0.2516 

0.2156 

0.1889 

i : z l 


Procedure  for  Using  the  Table. 

For  every  problem  we  will  have  one  value  for  the  entry  parameter 
y - B^Q/kj  and  a series  of  values  p - B^x/kj,  where  x varies 
between  0 and  1 - *0* 

When  determining  log  Z^,  write  down  the  values  from  the  columns 
containing  the  nearest  smaller  and  larger  tabular  values  of  y. 
so  that  the  value  of  y obtained  from  the  solution  would  fall  between 
them.  The  coefficient  of  interpolation  will  be  the  same  along  all 
the  horizontal  rows.  For  this  reason,  it  is  more  convenient  to 
interpolate  first  along  the  horizontal  rows  between  which  are  contained 
the  values  of  p selected  in  the  problem,  and  then  to  interpolate  along 
the  columns  (vertically)  using  the  corresponding  interpolation 
coefficients  (3. 

Ia  order  to  reduce  the  number  of  vertical  interpolations  (except 
such  cases  when  log  Z'1  Is  used  for  computing  the  values  and  = K>, 

It  is  sore  convenient  to  assign  tabular  values  of  1 for  the 

intermediate  values  of  x and  to  perform  only  the  horizontal  interpolation 
for  and  then  determine  x by  means  of  equation  x - k^,  Bj. 

3 DETERMINATION  OF  THE  MAXI  MOM  PRESSURE  GENERATED 
BT  THE  POWDER  GASES 

The  maximum  gas  pressure  p—  lo  the  barrel  Is  the  most  important 
ballistic  characteristic  of  a gun.  Its  value  depends  on  the  chosen 
conditions  of  loading,  and  the  ohtalnment  of  the  desired  value  of  p. 
aerres  an  n criterion  or  control  for  the  proper  selection  of  the 
weight  of  the  charge,  the  thickness  of  the  powder,  and  other  loading 
condition*. 

For  thin  reamon,  it  in  mometime*  important  to  be  able  to  compute 
the  pressure  p_  for  the  glwen  loading  conditions,  without  constructing 
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the  entire  p,  { pressure  curve.  In  order  to  achieve  this,  it  is 
necessary  to  derive  first  a formula  for  determining  the  value  of 
x^  for  which  the  gas  pressure  is  maximum. 

In  this  case  the  derivative  dp/df  or  dp  dt  must  be  equated 
to  aero.  The  expression  for  the  derivative  was  derived  earlier 
by  differentiating  the  expression  for  p from  the  fundamental 
equation  of  py rodynami cs . 


P (f-  H * 

l + / l 8 I K V 


- (1  * & ) 


Equating  the  expression  in  braces  to  zero,  and  substituting 
for  v and  6 their  expressions  in  terms  of  x: 

Sir 

V - x , 6-  1 - 2 az  - <5  * 2 Xx , 


we  obtain  the  possibility  of  determining  for  which  the  pressure 
is  maximum: 


<*Q  + 

“ 'l  sIK*. 


1 ♦ 


- (l  ♦ e ) - o 
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X ©0  + 2kXxb 
Bx 


1 + 


(•  ■ ^ 


( 18) 


B(  1 


a ) 


2kX 


If  the  powder  has  a constant  burning  area  A-  O,  kj 


and 


± ' 

6 j t 


(19) 


B(  i - a ) 


It  is  seen  from  these  equations  that  in  order  to  determine  xB 

it  is  necessary  to  know  p— . but  inasmuch  as  we  do  not  know  it,  we 

■ust  find  the  real  value  of  xB  by  the  method  of  successive 

(0) 

approximations.  First  we  assume  a reference  value  p^  , substitute 
it  in  equation  (18)  or  (19),  and  compute  the  value  of  x^,  following 
which  we  substitute  the  latter  successively  into  all  the  fundamental 
equations 


B 


ml- 

- -A"  t-to 
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* - 


P * 


f *-» 


i • /'  vb  • d'.  If  p'  coincides  with 

and  find  the  values  of  vm,  I m,  PB«  1X  m 

it  is  indeed  the  true  maximum  pressure.  However,  lf  P»  f PB  ’ 

then  p;  must  again  be  substituted  in  (18)  or  (19)  and  a new  x» 

obtained;  then  the  -hole  process  is  repeated  and  a ne-  P;  is  obtained. 

If  x“  is  chosen  correctly,  should  not  differ  from  Pm  by  more 

than  10-20  kg  cm2  (the  accuracy  of  a slide  rule). 

It  must  be  remembered  that  equations  (18)  and  (10)  are  used 

for  calculating  *,  and  can  not  be  employed  for  calculating  p„. 

■hen  carrying  out  the  approxlma t ions , the  following  should  be 

kept  in  mind:  the  relation  p,  X ia  represented  by  a curve  sho-n  in 

fig.  134,  -hich  varies  slo-ly  in  the  neighborhood  of  the  maximum. 

The  true  value  of  x^  Is  not  known,  and  we  find  by  means  of 


equations  (18)  and  (10)  or  a certain  approximate  value,  -hich. 


even  upon  substituting  the  value  pQ  - 300  kg,  cm  for  PB  in  (19) 


will  give  a value  of  x^  differing  from  the  real  value  by  not 
.ore  than  10%.  The  value  of  P.  -ill  then  be  sufficiently  close 
to  the  true  value  of  p.,  and  at  the  next  approximation  mill 
practically  coincide  with  x^. 

Whatever  the  quantity  of  p<0)  ..signed  in  the  first  approximation, 
whether  emaller  or  larger  than  the  real  value  of  pm,  the  values  of 
Pa  and  p"  will  be  smaller  In  both  cases  than  the  real  P. - In  the 
subsequent  approximation,  the  pressure  value,  -u.t  Incre.me,  tending 
toward  the  real  P..  1-...  p;  < ^ < P»"  ~ P-  real'  "gardl—  of  the 

Lecturer  Belenky  proved  analytically  that  In  aucce.alve 
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P«f" 

approximations  the  quantity  is  monotonic  increasing,  tending 
toward  xu  as  the  limit,  while  x"  is  monotonic  decreasing  and  tends 
toward  the  same  limit  x#. 


1 


Fig.  134  - Determination  of  x^  and  pm  (graph  p,  x). 

This  law  must  be  used  for  controlling  the  accuracy  of  the 
calculations . 

Since  the  pressure  varies  slowly  in  the  neighborhood  of 
the  maximum,  the  p^  obtained  following  the  substitution  of  these 
values  of  x^  in  the  working  equations  will  be  very  close  to  the 
real  p,,  and  the  second  approximation  will  be  adequate  to  obtain 
a value  of  p ^ sufficiently  close  to  the  real  value. 

Having  found  x— , we  substitute  it  into  (11)  for  v,  (10)  for  vf, 
(14)  for  l , and  (15)  for  p^,  and  obtain  the  elements  of  the 
projectile’s  motion,  i.e.(  vB,  /B>  and  p—  at  the  instant  of 

greatest  pressure. 

Expression  (18)  gives  the  analytical  expression  for  x^  at 
which  the  gas  pressure  becomes  maximum.  Can  this  equation  always 
be  used  to  determine  the  maximum  pressure? 

In  most  cases  when  the  chosen  loading  conditions  are  normal, 
this  formula  will  give  the  right  answer.  But  there  are  cases  when 

487 


it  may  yield  a value  xa  devoid  of  physical  meaning.  This  occurs  when: 


x > x 


K’ 


x - 1 - z corresponds  to  the  instant  when  the  burning  of  the  powder 

K 0 

terminates,  the  instant  when  the  inflow  of  gases  ends.  For  this 
reason  this  formula  will  give  realistic  results  while  xm  is  smaller 
than  or  at  most  is  equal  to  x^(xB  < x^> - 

When  x < x^,  we  have  a normal  case:  the  maximum  pressure  is 
reached  before  the  end  of  burning.  When  xm  - xR,  the  maximum 
pressure  is  reached  at  the  end  of  burning.  Finally,  when  xB  > xK> 
ve  have  the  case  of  the  so-called  ‘unreal”  maximum,  i.e.,  a purely 
analytical  case.  In  reality,  when  xa  > xR,  the  powder,  burning 
according  to  a definite  law,  stops  burning  on  the  upward  branch 
of  the  pressure  curve,  the  flow  of  gases  stops,  following  which 
the  pressure  begins  to  drop,  in  spite  of  the  fact  that  the  analytic 
maximum  had  not  yet  been  reached.  In  fact,  the  maximum  pressure 
in  this  case  will  be  the  pressure  p^  at  the  end  of  burning. 


Fig.  135  - Pressure  Curve  with 

Normal  Maximum. 


Fig.  136  - The  Maximum  Pressure 
Coincides  with  the  Sad  of  Burn- 
ing. 


A large  value  of  xm  may  be  obtained  when  the  parameter  of  the  loading 
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4.  SECOND  PERIOD 

The  second  period,  starting  at  the  end  of  burning  of  the  charge 
and  ending  when  the  base  of  the  projectile  passes  the  -uzxle  face 
of  the  gun,  constitutes  a process  of  adiabatic  expansion  of  the 

gases . 

This  period  is  considerably  simpler  than  the  f i rst , because  the 
•hole  process  is  reduced  to  the  expansion  of  gases  •ithout  the 
addition  of  energy  and  without  heat  losses. 

In  the  second  period  1,  the  number  of  variables  is  reduced, 

the  independent  variable  is  usually  taken  to  be  the  path  l of  the 
projectile,  and  equations  expressing  the  pressure  p and  the  velocity 
V as  a function  of  l arc  derived. 

The  beginning  of  the  second  period  is  characterized  by  the 
following  data  obtained  at  the  end  of  the  first  period: 


+ - 1:  v - vK:  I - lK: 


P - p. 


ty  “ I 1 ; T ” TK" 


The  fundaaenta 1 equation  of  the  second  period  is. 

/ v2  \ 


ps(  / 


n - 


e 2 f 

- — tx>  mv*  — i<- 


(20) 


vnr 


where 
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Since  the  gas  temperature  is  lower  in  the  second  period  than 
in  the  first,  0 should  be  made  larger  in  the  second  period,  but 
most  authors  take  an  average  value  of  0 common  to  both  periods. 


A.  Derivation  of  the  Expression  for  Pressure  In  the 
Second  Period 


/~P  - txu > jr. 

The  equation  for  pressure  is  derived  from  the  adiabatic 
equa  t ion : 


P* 


0 


1 + 0 


" pkwk 


(21) 


where  pK  and  p are  the  gas  pressures  at  the  beginning  of  the  second 
period  and  at  a given  moment,  respectively; 

and  1 are  the  free  volumes  ot  the  initial  air  space  at  the 


same  instants. 

From  equation  (21),  we  have: 


1 + 0 


p - p 


K W 


Expanding  the  quantities  and  W,  we  obtain; 
WK  - *0  - aw  + - :K)  ; 

V - W0  - au+  ml  - s ( / 1 + /). 


Substituting  these  values  in  the  equation  of  p,  we  find: 

1+  0 


P - P, 


'Wf 


(22) 


0 
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B.  Derivation  of  the  Expression  for  Velocity  in 
the  Second  Period,  v - f0(() 


Let  us  write  the  fundamental  equation  of  py rodynami cs  for  any 
moment  and  for  the  beginning  of  the  second  period: 


p«(|1  . / > - f-  1 1 - — 


( 2 \ 
1 1 - — ; 

V 'b/ 


PKSUl  * " f“  ‘ 


'l  \ 


Dividing  one  equation  by  the  other,  term  by  term,  and  replacing 
the  ratio  P PK  from  (22),  we  obtain: 


/w  * 

v. * ' y ,.±’ 


nP 


whence 


(23) 
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When  / - lA  , we  obtain  an  expression  for  the  muzzle  velocity 


2g  t w f 
0 Q v 


1 - 


'l  * 


Be  2 

— a - z0>2 


(25) 


This  equation  is  of  great  importance  for  investigating  the  most 
desirable  solutions  when  designing  guns. 

Squat ions  (22)  and  (23)  or  (24)  give  the  expressions  for  the 
gss  pressure  in  the  bore  of  the  gun  and  for  the  projectile  velocity 
in  the  second  period  as  a function  of  the  projectile  path  [ . 

Thus,  on  the  bssls  of  the  assumptions  made,  the  equations  derived 
above  express  the  relation  between  the  conditions  of  loading  and 
the  ballistic  elements  of  a gun  discharge  in  both  the  first  and 
the  secomd  periods.  They  enable  one,  for  given  loading  conditions. 
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to  co.pute  the  projectile  velocity  end  the  gas  pressure  at  differed 
points  of  the  projectile ‘ s notion  la  the  bore  of  the  gun,  and  to 
deter.ine  the  -axi.u.  pressure,  the  nuzzle  pressure,  and  the  initial 

(Muzzle)  velocity  of  the  projectile. 

Curves  of  p and  v as  a function  of  / -1U  usually  have 

the  form  shown  in  fig*  138. 


Fig.  138  - Normal  p,  l and  v,  I Curves. 

1)  Period  I;  2)  period  II. 

c.  Equations  for  Calculating  the  Te.perature  of  Po»der 

Gases . 

Having  solved  the  fundamental  equation  of  pyrodynanics  and 
established  the  relation  between  the  basic  elements  <p,  v.  ( . and  + ) 
and  the  new  Independent  variable  z.  and,  consequently,  also  the 
relationship  between  these  elesents.  an  equation  can  be  written  for 
detersinln*  the  te.per.ture  of  the  powder  gases  at  any  given  instant, 
and,  in  particular,  at  the  instant  the  projectile  leaves  the  bore 
of  the  gur.  barrel. 

The  te.per.ture  of  the  g.se.  flowing  in  the  path  of  the  projectile 
determines  whether  the  discharge  will  be  acco.panied  by  a fl«b, 
or  -ill  be  flash less,  because  according  to  the  present  concept,  the 
flash  accompanying  a shot  is  a process  involving  the  burning  of 
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At  the  instant  the  projectile  leaves  the  barrel 


1a  va 

1 ~ 1 ~^rA9 

Tl  vnP 


tries  in  artillery  pieces  between  0.65  and  0.75. 
Cosparing  the  value  v from  equation  (28)  with  the  values  *1 
and  Tr-T1  fro.  equations  (27)  and  (28),  we  obtain  other  expressions 

for  T/Ti : 


- .f.-lfu-v-j 


i , - <j  Vi  * '.y 


B®  9 

1 - — (1  - V 


i,  * i. 


'i  * 


This  equation  proses  that  the  temperature  ol  the  gases  at  the 
Instant  the  base  of  the  projectile  passes  the  muzzle  face  depend, 
on: 

1)  the  tesperaturw  of  the  burning  powder; 

2)  the  temperature  of  the  tames  at  the  end  of  burning: 


i - 3fa  - V2 
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this  temperature  decreases  as  B increases, 


3)  the  ratio  of  free  volumes  C I ^ 


/ ) , which 


depends  upon  the  path  traversed  by  the  projectile  at  the  end  of 
burning  and  decreases  as  /, 

D. 


increases 


Equations  for  Calculating  the  Time  ofjioiion  of_jhe 
Project i le . 


The  time  t does  not  appear  directly  in  the  solution  of  the 
fundamental  problem  of  py rody nami cs ; one  may  compute  and  draw 


the  curves  of  the  gas  pressure  p a 


nri  the  projectile  velocity  v 


as  a function  of  the  projectile  path?,  and  by  this  means  solve 
the  fundamental  problem  of  Internal  ballistics,  yielding  the 


design  data  of  the  gun  (volume  of  powder  chamber,  length  of 
projectile  path). 

But  in  order  to  fully  clarify  the  phenomena  taking  place  during 
a shot.  It  is  also  necessary  to  know  the  variation  of  the  basic 
elements  (p.  v.  t)  as  a function  of  the  time  t,  particularly, 
because  some  of  the  existing  devices  permit  determining  the  path  ! . 
the  velocity  v.  and  the  gas  pressure  p as  a function  of  the  time  t 
(veloclmeter.  plezoe lec trie  manometer ) . Moreover,  it  is  the 
pressures  curves  as  a function  of  time  which  must  be  known  when 
solving  problems  relating  to  the  theory  of  gun  mounts  fuzes  and 
firing  devices. 

The  time  of  motion  of  the  projectile  in  the  barrel  can  be 
obtained  most  simply  If  the  curve  of  the  velocity  v as  a function 
of  the  path  I Is  available,  and  by  using  the  following  equation  of 
mechanics : 

..  _ di_ 


dt 
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dt  - 


d f 


If,  having  the  curve  v,  / , we  plot  the  curve  . ' , then  by 
taking  the  integral: 

f -Ld.'. 


We  could  determine  the  time  of  motion  «»t  the  projectile  along  the 
given  path  / . But  inasmuch  as  at  the  lower  limit,  when  / - 0. 
v 0 . and  the  Integrand  1 v becomes  infinite*  (1  v - 1 0 — oo  ) . 
it  is  impossible  to  perform  the*  integration.  Therefore,  the 
time  t is  divided  into  two  parts,  t'  and  t”: 


t - t * 


t '' . 


where  the  first  time  interval  t'  - from  the  start  of  motion  up  to 
a point  representing  a small  length  of  the  path  - is  calculated 
approximately,  and  the  second  interval  t",  from  f'  to  f along  the 
path  - is  calculated  by  means  of  quadratic  formulas: 

f - f — 01. 

V 

r 

The  first  time  interval  t'  is  found  from  the  equation: 

r 
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where,  in  the  first  approximation: 

0 + v ' 


and  v*  is  the  velocity  of  the  projectile  at  time  i'  and  the  path 
distance  l ' ; consequently: 


the  smaller  the  distance  {'.  the  greater  will  be  the  accuracy  of 
de  termi ni  ng  t . 

Substituting  t'  and  t"  into  <105),  we  obtain  the  equation  giving 
the  time  of  motion  of  the  projectile  In  the  bore  in  the  form: 

l 

2 / ’ I 1 


it  . 


(30) 


Inasmuch  as  the  first  interval  of  time  for  traversing  the  path 
as  determined  by  (30),  is  very  approximate.  Prof.  E.L.  Bravin 
proposed  a more  exact  expression  for  computing  the  average  velocity 
of  the  projectile  along  the  segment  ot’.  He  assumed  the  acceleration, 
rather  than  the  velocity,  to  be  linear  along  this  segment  (fig. 

139)  : 


dv 

dt~ 


p - ( p * k t ) , 

<f  m <p  a 0 


where  k - (p’  - P0>/f  is  the  angular  coefficient  of  the  straight  line 
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Mv. 


-M' 


t ’ 


vdt 


t ' <?  * 


P’  " P, 


P„t  4 


0*2 


t"  I dt  - 


2 1 ’ 


f ■ t * 


sa  1 I Poll  . P’  ~ PQ  t ' 2 


2pn  ^ P 


<f  m 


or  replacing  t’  from  the  preceding  equation  by  v , we  obtain: 

’ r vp  m 


a v . .3 

- P 


The  final  expression  for  t'  will  be  in  the  form 

r 3 /•  pu  - p’ 


(31  ) 


2 p - P ' 
0 


This  is  the  equation  proposed  by  Prof.  E.L.  Bravin  3 . 

Comparing  it  with  the  previous  expression  for  t\  we  note  that 
the  time  t obtained  by  the  first  expression  is  shorter,  and  the 
difference  between  them  increases  as  the  length  of  the  segment  f 
and  the  pressure  p’  increase.  At  the  limit,  when  p'  is  reduced  to 


d . the  two  expressions  for  t'  become  equal: 

0 


t * - 


31  1 2p0  2/ ’ 


V 3p0  v* 


If  the  relation  p,  t along  the  first  segment  is  expressed  by  a 
second-degree  equation,  the  resulting  equation  will  be  more  exact. 
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f dx  (32) 

1 " lK  ) T’ 

O 

p° ' i„ ..........  - — *»  ••  *“ ;i:r:;:i  ” 

co«.«r  ...  on..  por.oo 

, * of  the  powdei  in  w 

the  burning  following  formula: 

,t,r«  of  this  mo t ion , which  m oompufod  by 

, P0 

t„  - -i.3U3  T0  'on  — , 

. . „ is  the  pressure  of  the 

1 _1_.  I - e ur  and  PB 

where  — " ^ _ L h 1K  * 

igniter  g.scs.  {.ring  pm  strikes  the 

The  time  lapse  between  the  ,lr‘nK 

. f burmng  of  the  Igniter  is  usually 
percussion  cap  »d  the  end  of  burning 

"°'  o?t»  sss. 

The  following  data  are  given: 

1 am  min , 1936  model 

Barrel:  76  ■■  *^n,  1>5l5 

Chamber  capacity,  wo  in  d" 

ttonal  area  of  the  bore,  including  the  0.4692 

rifling  grooves,  a,  in 

path  traversed  by  the  projectile  in  the  bore,  ^ 33.91 

in  dm 

Prof  c tll«  : 6 2 

Weight  of  projectile,  q.  k« 
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„_2  

. . 300 

Forcing  pressure,  P0> 

in  kg 

Charge : 

00 

O 

Weight  ot  charge,  u.  , 

in  kg.  • 

Powder  constants: 

95D  OOO 

powder  energy  (force) 
, 3 

f , 

in  kg*  dm.  kg.  . - ■ 

...0.98 

Co-volume.  - . m dm 

kg-  • • • 

3 

...1.6 

Density  of  the  powder.  * - 1 

n kg  dm  

Burning  rate,  u^  of 

t he  po 

idor  when  p - 1 . 

l n 

. . . 0 . 0000074 

dm  sec : kg  dm- 

. . . 1.357 

Dimensions  of  sti  ip 

(thickness  20^  ' 

x\-  -U.U6 


Poly tropic  index  k 

% - k - 1 - 


1 1 
■S'  " T 


....  1 - 2 
0.2 


fundamental  equations 

a . P r e 1 i Binary  Period 


Sn  - \.  1 * 4 0 *<6n  * 1)  * 


First  Period 


si*  . . ♦ k,x  +tfXx^; 

— -x  ; t"  'Vo  1 

9m 


i 
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Go  " V 1 + 4 7*0  " 


4(-0. 0566)0. 02429 


0.9972  ; 


0 *(G  > 1) 


- 0.02294; 


, _ ..  - l - 0.02294  - U.  97706; 

1 0 


m©  - l .06*0.9972  - 1.057  ; 


ex  0.00678 

1 K " vT7  0.0000074 


<f  “ i-03  " T 


rL  - 1.03  - 


1 1.08 

7 * 6.2 


«IjC  _ 0-<692-916.2-98._l  _ ^ 
1.088*6.2 


W 1.515 

. _ _0 - 3.228; 

l0  " s 0.4692 


s2l|  0.46922*916.22*98. 1 

fv>rBl  950000*1.08*1.088*6.2 


- 2.617; 


2.617*0.2 


+ 0.06  - 0.3217;  — 
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(+)«*Ax“ 

* 

H'  + 'Vq 

'Vav. 


0.2084 

-0.0023 

0.0243 

0.2304 
0.2547 
0. 1273 


0.3712 

-0.0074 

0.0243 

0.3881 

0.4124 

0.2062 


12  j 

^ - 'c 

1 av. 

1 .650 

1.622 

13 

<->] 

1.790 

1.790 

14 

. * * 

0.188 

! 

| 0.317 

15 

? 1.602 

1.473 

16 

colog  Z 

0.0198 

0.0402 

17 

— colog  Z 

B1  B 

0.1610 

0.3270 

18 

z,  ‘ 

1.449 

2. 123 

20 

1 • <z* 

21 

l 

22 

23 

<-) 

24 

♦ - 

25 

p,  i 

B#  2 
2 


0.7408 

1.602 

2.343 

0.2304 

0.0102 

0.2202 

2054 


3.295 

0.3881 

0.0323 

0.3558 

2360 


0.3717 

0.5570  s 0.7642 

1.033  j 1 

-0.0074 

-0.0167 

-0.0314 

-0.0573 

0.0243 

0.0243 

0.0243 

0.0243  I 

; 

0.3886 

0. 5646 

0.7571 

1 . 000  j 

0.4129 

0. 5889 

0 7814 

1.0243  i 

0.2064 

; 0.2944 

0.3907 

0. 512' 

i 

1 . 790 

1 . 790 

1 . 790 

1 . 790 

0 168 

0 . 240 

0.319 

0.418 

1 .622 

1 . 550 

1.471 

1 . 372 

1 . 790 

1 . 790 

1 . 790 

1 . 790 

0.317 

j 0.461 

0.618 

0.317 

1.473 

1 . 329 

1 . 172 

0 973 

0.04024 

0.06521 

0. 0S5b6 

0. 1397 

0. 3273 

0.  5304 

0.7805 

1.1369 

2.  124 

| 3.391 

6.033 

13.69 

1.823 

“t 

3.706 

7.403 

17.411 

1.473 

1.329 

3.296 

5.035 

0 3886 

0. 5646 

0.0324 

0.0727 

_4 

0.3562 

0.4919 

2362 

, 2136 

8.  575 
0.7571 

0.  1368 

0.6203 

1580 


18.384 
1 . 000 

0.2498 

0.7502 
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■ 


Initial  Fonulas 

Tab 

No. 

le  (Cont ’ d . ) 

Operat ions 

!!□ 

1 

Muzzle 

Face 

- 12,220  \/ 1-0. 750^0*2 

7 

T 1 '2 

0 . 7420 

0.5932 

0.4636 

1 V 

8 

1.2 

P “ 

662 

529 

414 

— 

[ 

-0.0216 

~ -0 . 0378 

-0.0556 

9 

0.2  log  >i 

T . 9784 

T . 9622 

I. 9444 

10 

^0.2 

0 . 9515 

0.9166 

0.8798 

j 

11 

0 . 7 5O>|0*  2 

O. 7136 

0.6874 

0.6598 

1 

12 

1 -0 . 7 50^U ' 2 

0.2864 

0.3126 

0.3402 

1 

13 

v in  dm  sec 

6 530 

6822 

7117 

The  results  of 

i n the  fora  of  p( l ) 

these  ca 

and  v ( 1 ) 

leu la  t ions  are 

curves . 

shown  in  fig-  on 

p.  510 
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CHAPTER  2 - PROF.  N.F.  DROZDOVS  EXACT  METHOD^-  - 


(Vritten  by  Prof.  G.V.  Oppokov) 


The  assumption 


1 av 


made  in  the  preceding  chapter  gives  an  approximate  solution.  Yet 
the  differential  equation  of  the  projectile  path  in  the  first  period 


dl 

dx 


Bx(  * / ) 


, BO  2 
+ - — X 


(33) 


can  be  integrated  exactly. 

Prof.  N.F.  Drozdov’s  great  contribution  to  the  field  of  internal 
ballistics  lies  in  the  very  fact  that  he  vas  the  first  to  solve  this 
equation  exactly,  without  any  additional  assumptions  or  simplifications, 
as  had  been  done  before  him  by  all  the  other  authors  without 
exception. 

Namely,  if  we  introduce  for  convenience  the  following  designation: 


M - 


Bx 


(34) 


, BO  2 
+ - — x 


equation  (33)  takes  on  the  form: 


Ml 


- 


(35) 
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r,  /“" see  equation  (37>_/  *• 


I JL 


Y  | z * l + 1 Z dV 

Y l*0 


'to 


^ - WQ  ^ kxx  ax2;  ‘V 


^ /Xx2;  U"  l5  " a^’’ 


« \ 


dl  - -akjdx  - 2a x X xdx , 


whence 


B 


x n 


-[tz 


i - 


4 


dx  - 2a*X  Z *dx 


(38) 


Xt  I*  now  possible  to  proceed  in  two  ways:  eli.inate  ro« 
equation  either  the  «r.t  or  the  -con*  Integra!  In  th.  r , - 

side.  The  author  elected  the  ~co»d  course. 

H«elT.  It  follow,  fro.  (34)  nnd  (37)  that: 


1 


Bxdx 


+ k,x  - B,X2 


*0  + kix  ‘ "V 


B 

' B1 
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The  equation  given 


by  Drozdov  for  the  max 


* h. 


imum  pressure  is 


B - 2B 


where 


B9  2 

+ m ' T“  X» 


h - 


B + 2B 


( ~ c\  \ Z%  dx)2x 


and  xw 


B 4-  2B 


. „ . - . - * - — * * “'P“'a 


approxl—  tlonm* 
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The  equations  of  the  preceding  table  should  be  applied  to  the 
first  period;  the  equations  for  the  preliminary  and  second  periods 

remain  unchanged  (Table  3). 

6.  EXA-PLK  OF  CALCULATING  THE  GAS  PRESSURE  CURVE 
b^ro“  nRf  drozdov^REthod 
The  following  data  are  given: 

Barrel:  76  mm  gun,  model  1936 

3 1. 515 

Chamber  capacity,  »0,  in  dm  

Cross-sectional  area  of  the  bore,  including  rifling, ,0.4692 


s,  in  

Path  traversed  by  projec 
in  dm 


tile  inside  the  bore,  [ ^ . 


Projectile 

Weight  of  projectile,  q,  m kg. 

2 

Forcing  pressure,  P0,  in  kg  cm 


Charge 

Weight  of  charge,  w,  in  kg. 


Powder  constants 

Powder  energy  (force),  f,  in  kg' dm  kg 

3 

Co volume,  a,  in  dm  kg 

3 

Powder  density,  5 , in  kg,  dm 

Burning  rate  of  powder,  ur  -hen  p - 1,  in 


dm/ sec  : kg/ dm 

Dimensions  of  strip  (thickness  2e^ 
X - 1.06 


.0.0000074 


X \ - 0.06 


Polytropic  index  k. 
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Table  for  Computing  by  *>»“  of 
Equation  (*) 


Operation* 


l - 0.9325 


li1 

0.08 

0.09865 

|o. 100 


Interpolation 

► l - 0.4975 

)06  | 0 . 006995_ 

1290  0.02826 

0.03646 
n79  0.03706 


(♦)  J 


-1  - 0.03646 


2 ■ 


f4s_  x2 
■»«  2 ■ 


7.  or  »hen  ir 

Bi 


u,  z v 

■— — y'ru  2 ■ 


B + 2Bt 
B. 


co log  2 


-JL-colog  Z 


0.09865 

0.03646 

0.2966 

i 1.98 

j 

i 0.07438 


7 7 

0.006  

0.006995 

| 0.00 

0.08 

0.064 

0.0645 

0.06 

0.09865 

0,0747 

i 

O.IOO 

, _L 

0 . 075 

0.0755 

0.07 

ir. r73= 
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0.006 

r 

0.006995 

1 

! 0.008 

0.064 

0.0645 

0.065 

0.0747 

0.07  5 

0.0755 

0.076  1 

■ 

d- 

B 

1 Z dr  when  jp-  - 9.0 
o 

r 1 

0 . 006^ 0.006995  JhOO^  \ 

0.062  0.0625  0.063 

0.0723 

0 .072 0.0730  0 074  j 
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Initial 

Formulas 


-i  - 0.3043 
kl 


Ho.  Operations 


2 ^ “ r x 

3 v in  d«/«oc 


For  Maximum  PreBSure  | 

End  of 
Burning 

0. 1972 

0.3516 

0.527  j 

0.723 

0.9771 

0.060 

0. 1070 

0.  160 

! 0.220 

! 

0.29'« 

1233 

2198 

3295 

S 4521 

6110 

kj  - 1.057. 


*X-  -0.06 

t-t0  + klx  + 
+ xXx2 


_ - 0.2617 
2 


ti  ft-  . -0.00931 


(+)  **x 

*n 


B8  2 

‘-1  Tx 


B6  2 

* 

2 


0.2084  0.3716 

-0.0023  -0.0074 

0.0243  0.0243 


0.2304  0.3885 


0.5570  0.7642 

-0.0167  -0.0314 

0.0243  0.0243 

0.5646  0.7571 


0.0102  j 0.0323  o . 0727 


0.2202  0.3562 


0.4919  i 0.6203 


/,  1,8  'A  .0.0020  -0.003:1  -0.004B  -0  0058 
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j Z dp 


fro*  13 


tab  la  on  pago 
662(*) 


0.05137  0.07829  i 0.09833  0.1120  0.1208 


0.006895 


15 

16  (-) 


0.5486  0.5486 


0.5486  I 0.5486  0 5486 


0.0663  0.0832  0.0948  0. 102{*  ^ 


clkl  f B1 

-i  - -ri  i 1 dl 


0.5051  0.4823  0.4654  0.4538  0.4463 


V -T0 


l0  - 3.228 


. B»  2 
♦'  _x 


«lkl  ( VB> 

-i-ir  r dT 


0.7319  I 1.0244 


1.5782  2.7378  6.1098 


19  A - (1°)  4 (1H) 


T5  ' * 


A - ( A t ♦ A ) “A  v 

I - AL 


25  Pr  kg/c« 


II.720-J  1.0211  1 • 5736  ! 2-7320  , 6.1028 


0.5545  0.5545 


0.5545  1 0.5545  0.5545 


.0583  0.09K3  0.1428  I 0.1935  0.2530 


0.4962 

0. 4562 

0.4117 

0.3630 

0.2337 

0. 5649 

1 . 1619 

2.3690 



* 

0.7544 

1 . 828 

* 3.751 

7.647 

2362  j 2116  1538  .832.6 


(•)  Thla  d« no tea  the  page  number 


In  the  original  manuscript.  This  port 


ion  has  not  been  translated  as  yet 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Initial  Formulas 


T.M,  for  C0.pn.tn,  the  Element  a ofthejecgnd_Perlod_ 


Operations 


6.1028 
0.3015  + A 


^^TjTT^-v2 


• 12,220\/l  - 0.7502ij 


1.2  log  >j 
i 1 ■ 2 

1.2 

P " Pg*? 

0.2  log  ^ 


0.7 502 rj  * 
l-0.7502rj°-2 
v,  dni  soc 
/ . 0m 


7.3015 

8.8015 

10.810 

0.8358 

0.6933 

0.5645 

T.9221 

1.8409 

1.7517 

-0.0779 

-0.1591 

0.2483 

-0.09348 

-0.1909 

-0.2979 

1.9065 

1.8091 

1.702 

0.8063 

0.6443 

0 . 5036 

671 

536 

419 

-0.01558 

-0.03182 

0.04966 

1.9844 

1.9682 

1.9503 

0.9647 

0.9294 

0.8919 

0.7237 

0.6972 

0.6691 

0.2763 

0.3028 

0.3309 

(M  24 

6723 

7030 

i 

22.60 

27.44 

33 . 91 
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T 

1 


The  results  of  the  calculations  are  presented  graphically  in 
fig.  140. 


In  the  equation  for  the  path  derived  by  Prof.  Drozdov: 


a^,+  a - a!  -r;  (+  ‘ B*  *2)  + (t>l  Cl 


i 


B 


Z dx)Z 


* B Bi 


the  function  Zx  and  the  quantity  | Z dX  ” Bj 


B Bx 

Z dp  are  found 


in  the  tables  free  the  entries: 

Bl*0 


r - 


and  P - r — *• 

- k?  1 


For  the  sake  of  convenience  .U  the  calculations  of  log  Z 


-1 


and  r ZB/BldP  are  perforsed  on  another  for-  for  all  values  of  x. 


i.e.,  for  all  combinations  of  P and  y- 

y-  0.006995;  P - 0.060;  P.  - 0.1070;  P - 0.160;  P - 0.220; 


B_  - 0.2973. 
k p B/Bi 

„-l  ^ r Z dP  are  written  for  every 

The  values  of  log  Z 1 and  of  j z 

* * V and  6 as  shown  m°the  for*.  Then  the  Interpolation 

combination  of  r and  P,  as  snown 

. • 1 1 (nn  omiB  t i O flS  I 


factor*  f,  .«■  t,  — <">■  «“ 


536 
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WORK  FORM  FOR  DETERMINING 


5^-  0.4975 

0.008995. 
0.0198  _ 


loK  Z~l  FROM  THE  TABLES. 

— q.006995-0.006  ^ 0§4975 

V 0.008-0.006 


log  Z'1  - 0.0204-0.4975  • 

• (0.0204-0.0192)  - 0.0198 


1 

- 0.350 


0.4975 

0.0379  I 0.03706 

| 0.04024 

n 0471  0.04616 


t - 0.4975 

_ 0. 1070-0. 100  _ Q 350 

V*  " 0.120-0.100 

log  Z-\}-  0.0379-0.4975  • 

. (0.0379-0.0362)  - 0.03706 

log  Z-^-  0.0471-0.4975  * 

. (0.0471-0.0452)  - 0.04616 

log  Z"1  - 0.03706  + 0.350 

. (0.04616-0.03706)  - 0.0401 


t - 0.865 


F - 0.4975 


|0. 160 

L 

0.0663 

l — — 

— \ 

0 . 006 

0. 220 

0.0972 

— > 

0.28 

0.006 

0.1309 

0.2973 

0.006995 

0.06521 


F - 0.4975 

i 


0,006995 

0.09596 


0.4975 


0.1295 


y~ 1 - 0.06521 


0.006 

0.006995 

0.008 

0.100 

0.0379 

0.03706 

0.0362 

0. 1070 

- 

0.04024 

0. 120 

0.0471 

0.04616 

0.0452 

_ 

-*  V 

- 0.4975 

ESk 

T 

0.006 

T ' J's~ 

0.006995 

0.008 

;0. 160 

0.0663 

0.06521 

0.0641 

1 

i 

-- 

^ - --  — 

% - 0.4975 

* 


0.006995 

0.09596 


0.497  5 


j0.28 
0.2973 
I 0.300 


0.006995 
0.  1295 
0. 1397 
0.1413 


(0.0204-0.0192)  - 0.0198 


0.4975 

. . 0.1070-0.100  _ ^ 

^ 0.120-0.100  °'3W 

i°g  Z-l^-  0.0379-0.4975  * 

• (0.0379-0.0362)  - 0.03706 
log  z-J}-  0.0471-0.4975  * 

. (0.0471-0.0452)  - 0.04616 
log  Z"1  - 0.03706  + 0.350  ' 

• (0.04616-0.03706)  - 0.040f 


log  Z“  - 0.06521 


,ok  - 0.09596 


log 
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- 5,  6,  7,  8,  9 »»<*  l0* 

on  - ft  134  i . e . , it  is  intermediate 

In  our  problem  the  ratio  B 8.13  , 

B/ Bj  - -B  * B,  - ■■ 

" ) Z‘  Bl®  ‘ ‘‘  ' 

M 0 

( B B,  W1 

r l 7 from  the  tables, 

- 8.134  is  reduced  to  the  calculation  of  J Z 

0 

. n n R - 9 0.  Interpolating  these 

first  -hen  B B|  • 8.0.  then  -hen  B Bj  P B B, 

values  of  the  Integrals  a!ong  B B,.  -e  “nail,  obtain  ( Z - ° 

u 

B B - 8.134  and  the  given  values  of  P • 

1 It  should  be  reaeabered  -hen  perfuming  these  calculations 
that  the  interpolation  of  the  intermediate  integrals  must  be  ^ 
oerformed  by  the  same  procedure  as  that  of  the  function  log  Z 
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T~ 


CHAPTER  3 - SOLUTION  OF  THE  PROBLEMS  OF  INTERIOR  BALLISTICS 
FOR  THE  SIMPLEST  CASES 

1.  SOLUTION  OF  THE  PROBLEM  FOR  THE  CASE  OF  INSTANTANEOUS 
BURNING  OF  THE  POWDER 

The  colloidal  powders  now  used  burn  gradually,  in  parallel 
layers,  and  when  the  web  thickness  is  properly  selected,  permit 
the  regulation  of  the  flow  of  gases  during  burning,  so  that  the 

maximum  pressure  in  the  bore  pB  would  not  exceed  a given  value 

2 

(usually  of  the  order  of  2500-3500  kg  cm  ). 

The  case  of  the  instantaneous  burning  of  the  charge  is 
anamalous  and  generally  does  not  occur  in  practice.  It  can  be 
achieved  in  practice  only  under  special  conditions,  such  as,  for 
example,  when  burning  a charge  of  dry  pyroxylin  in  powder  form, 
or  of  fine  porous  powder  loaded  very  densely. 

In  that  case,  if  the  loading  density  were  normal  (A-  0.50-0.75), 
the  pressure  prior  to  the  projectile’s  displacement  would  reach  a 
maximum  value  of  the  order  of  several  tens  of  thousands  of  atmospheres 
(20,000  to  40.000  kg  cm2).  The  present  ultimate  strength  of  gun 
barrels  is  such  that  the  walls  of  the  barrel  would  burst  when  subjected 
to  such  pressures. 

Nevertheless,  the  case  of  the  instantaneous  burning  of  a charge 
is  very  interesting;  its  examination  has  an  important  meaning  when 
compared  with  gradual  burning  of  powder  because  in  so  doing  the 
importance  of  slow  burning  and  of  the  shape  and  dimensions  of  the 
powder  grains  become  evident.  Moreover,  the  pressure  curve  p, [ 
in  the  case  of  instantaneous  burning  becomes  a sort  of  a "guide" 
for  the  curves  depicting  slow  burning.  These  p,  / curves  arrange 
themselves  with  a certain  regularity  with  respect  to  the  instantaneous 

543 
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"j(F~ 


burning  curves. 

The  analytical  solution  of  the  problem  is  very  simple  In  the 
case  of  instantaneous  burning,  because  one  of  the  four  variables 
entering  into  the  fundamental  equation  of  pyrodynamlcs  is  transformed 
into  a constant  C'V  ~ 

Let  the  gun  and  the  loading  conditions  bo  characterized  as 
fol lows : 


The  chamber  capacity  Is  *0>  the  cross  sectional  area  of  the 


bore,  including  the  rifling  Is  s.  the  path  of  the  projectile  is  fA  . 
the  .eight  of  the  charge  Is-,  and  the  -eight  of  the  projectile  is  q. 
The  energy  of  the  po.der  is  f.  and  a Is  the  covolume;  the  adiabatic 
index  is  k - 1 - 8,  and  the  secondary  work  done  is  taken  into 


account  by  the  coefficient  T - a • b 


When  1,  the  fundamental  equation  of  pyrodynamlcs  is 


ps  ( f ^ + l > " f ' 


2 . 


(41  ) 


the  equation  of  the  projectile  motion  i* 


psdf  - mvdv  , 


(42) 


where  / - <WQ  - au»)/s  is  the  reduced  length  of  the  chamber  at  the 


end  of  burning. 

When  the  po.der  in  the  chamber  1.  burned  Instantaneously  the 
maximum  pres.ure  i.  determined  by  means  of  the  -ell  kno.n  formila: 
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„ 2 _ is  the  Halting  velocity  of  the  projectile: 

where  vnp  - t 


U-M8 


" v°p  V ' \ 1 1 w J 


(45) 


Thi.  <=r.Ul.  <»'  Pr"J”““"  " ’ 

..  ...  — - . .»«  -*  *' ' 

„ra„r  .»  •»»  - P “4’  " 
determine 


6 2 f ' 1 
fw  - -fIV  - fvl 

1 ' ‘1 


8 


and  include  it  into  (41) 


ps(  / +/)  " fwl  , 

V L\  * 


Whence 


k i+  e 


f- 


l/iV/i 


4-  l 


- P ! 


i1! 


1 40 


(46) 


But 


'i  +/ 


Wx  4 


W«  - aw  + s< 
0 


546 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


hi 

H! 


Consequent  1 y , 


(47) 


If  we  divide 
formulas  (45)  and 


the  numerator  and  denominator  In  parentheses 
(47)  by  ; j , and  designate  j by  y.  we  will 


l n 
get 


v 


nP 


( 1 


y > 


(48) 


p 


Pi 


y) 


we 


(49) 


The  quantity  y is  the  ratio  of  the 
to  the  reduced  length  of  the  free  volume 
of  burning,  and  Is  called  the  "number  of 
expansion. " 


relative  projectile  path 
In  the  chamber  at  the  end 
free  volumes  of  gas 
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Equations  (48)  and  (49)  show  that  under  the  given  loading 
conditions  (q.w.  f.  a.  WQ,  s)  the  pressure  p and  the  velocity  v 
depend  only  upon  the  nu.ber  y of  free  volu.es  of  expansion.  The 
greater  y.  the  higher  Is  the  projectile  velocity  and  the  s.aller 
the  pressure;  the  greater  the  reduced  length  1,  of  the  free  space 
in  the  cha.ber , the  greater  -ill  he  the  gas  pressure  for  a given 
projectile  path.  Consequently,  the  drop  in  pressure  as  a function 
of  the  projectile  path  will  be*  slower  in  a large  chamber  than 

a small  one. 

It  can  bo  proved  that  the  velocity  of  the  projectile  co.puted 
by  aea ns  of  for.ula  (48)  for  the  case  of  instantaneous  burning 

« h(>  true  velocity  for  the  case  of  slow 
will  be  always  greater  than  the  true  ve  10c  i > 

burning,  under  the  saaw  charging  conditions. 

Indeed,  the  uiixis  -°rk  “one  b*  a powdt‘r  CharKC  “ °f 

t in  setting  a projectile  of  -ass  . in  -otlon.  is  deter.ined  by 
the  expression  fw  8 . This  .axl.u.  work  -ill  be  the  sa.e  for  both 
•odes  of  burning  (instantaneous  and  gradual)  and  is  expressed  by 
the  areas  under  the  curves  sp  as  a function  of  I . -hen  I varies 
between  0 and  Infinity.  Consequently.  In  both  cases  the  areas  -111 

be  equa 1 to : 


CD 


Pdi  - —■ 


Xn  the  esse  of  instantaneous  burning  the  curve  p.  I start, 
fro.  the  ..Xi.u.  pressure  P,.  then  varies  according  to  the 
adiabatic  law,  decreasing  continuously  (fig-  141.  curve  I).  When 
burning  is  gradual,  the  curve  II  of  the  pressure  p,  [ 


rise* 


E 
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gradually  fro-  pQ.  losing  a portion  of  area  A;  and  inasmuch  as 
the  total  area  under  the  curve  p.  / In  the  second  case,  limited 
by  ( _ <b  , -ust  be  the  same  as  the  first,  curve  II  -ust  necessarily 
cross  curve  I during  burning  of  the  powder  when  the  pressure  drops, 

_ t The  excess  area  R between  the  curves, 

and  then  continue*  U>  riui  . 

when  / - 0,1.  the  ll.lt.  -ust  be  equal  to  A.  But  inas-uch  as  the 
actual  bore  has  a finite  projectile  path/A  , the  portion  of  the  area 
B on  this  finite  length  is  always  smaller  than  A.  and  consequently, 
for  a given  path  length,  the  work  done  by  the  gases  and  the  velocity 
of  the  projectile  will  be  always  smaller  in  the  case  of  gradual 
burning  than  in  the  case  of  instantaneous  burning. 


141  - Curves  p, / »nd  v,(  Depicting  the 
Instantaneous  Burning  of  Powder. 

The  actual  Initial  (mizzle)  velocity  of  a projectile  of  a 
— edium-ca 1 lbcr  gun,  -ensured  exper 1-en t. 1 ly , represents  80-90% 
of  the  velocity  computed  by  for-ula  (45). 

Inasmicb  as  the  work  represented  by  the  area  under  the  curve 
p,  / is  larger  In  the  case  of  instantaneous  burning  than  In  gradual 
burning,  especially  «t  the  -tart  of  the  -otlon,  the  corresponding 
velocity  curve  rise,  -ore  steeply  at  first.  Thereafter,  because  of 
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addition  .<  mo  *r"**r 

in  the  case  of  gradual  burning,  and  curve  II  gradually  begins 

approach  curve  I (see  UK-  141),  lending  at  / - oo  to  the  common 


limit  vr 


5SS5«'TS  isSUf”" 


The  solution  of  the  problem  of  internal  ball.st.es  for 
degress . ve  po.de rs  in  the  presence  of  forcing  pressure  results 
ln  equations  -h.ch  do  not  give  an  .mmed.ate  relation  between  *. 
p and  . and,  therefore . exclude  the  possibility  of  an  analytical 
examination  of  the  basic  relations.  In  order  to  obtain  this 
possibl 1 1 ty , it  IS  necessary  to  Introduce  certain  simplifications 

into  the  initial  data,  namely: 

1 , Consider  a PO.de r having  a constant  burning  area 

* - 1 ; X - ()  ; V • v . 

2)  Consider  the  forcing  pressure  to  be  negligible;  assume 
that  the  projectile  1.  set  in  motion  .hen  the  pressure  equals  the 
pressure  of  the  Igniter  gases,  and  that  the  burning  of  the  charge 
begins  .hen  the  projectile  Is  set  in  motion: 

p0  - Pb;  *0  ’ °‘ 


3)  Assume  that  a - I/A. 

-olution  of  the  fundamental 

■hen  theme  .mmumptions  are  made,  the  solution 

myrntem  of  equations  1.  greatly  simplified. 

m ...-POO.  c.,W—  «»  S,r..«  •> 
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powder;  the  second  corresponds  to  p;  o jec  1 1 lc-s  with  pre-cut  bands; 
the  third  assuBption  simplifies  the  solution  and  permits  determining 
the  qualitative  effect  of  the  loading  conditions. 

Under  the  assumptions  made,  the  preliminary  period  does  not 
exist.  The  motion  of  the  projectile  begins  under  the  following 
conditions : 


„ - p ; vL/  - 0 ; /-  - 0 ; ' - 0 ; v - U . 

P0  PB  Yu  0 


Inasmuch  as  cx  — 1 6 , 


i - ; ( i - • 

1 k0 


The  law  governing  burning  of  powder,  ^ " f ( /- ) will  bt 
expressed  by  the  formula: 

^ - z.  - x. 


(50) 


and  y may  be  taken  as  the  independent  variable.  Then  the  equation 
of  the  projectile  velocity  will  take  on  the  form: 


8l* 

V “ 


(51) 


The  fundamental  equation  of  pyrodynamics  is: 


ps(/1  + / ) - f-t  - ■y‘P“v2 


/ bb  ?\ 

- (i  - -T*  ) • 


The  equation  of  the  eleaentary  work  done  is: 
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j Be 

Xn  - H'  | 1 - — + 


1 1 x U ^ y) 


- Pi 


i + y 


pi 


(i  + y) 


> ♦ f 


(57) 


.here  Pl  - f-  *'n  - ts  U - Ji)  thl>  Baxlnunl  pressure  developed 

by  the  burning  of  the  entire  charge  within  the  space  of  the  chamber 
when  the  density  of  the  loading  is^. 


B 0 , 

i - — + - 


U * y) 


the  basis  of  equation  (52). 


substituting  + by  Its  expression  In  (54).  -e  obtain  the  pressure 
p as  a function  of  the  path  of  the  projectile. 


P " Pi 


1 * y 


B 2 

* pi  bT 


i - 


, i 


± 

(1  . y)  2 . (1  * y) 


(58) 


The  quantity 


* B . 

i + y 


fB^B 


1 1 x( i ♦ y) 


PB,0 

i ♦ y 


pB 


represents  the  pressure  developed  b,  the  Igniter  gases  In  the 

variable  space  of  the  bore.  At  the  start  of  sotlon  j - 0,  PB  - PB,0: 

decrease*  (1  + j) 
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gases  of  the  powder  charge. 

At  the  beginning  of  wotion,  y 

Ak  the  pro iecti le  moves  and  y increases, 
zero  (equation  58);  p " PBjq*  -(1+0/2) 


- 0,  the  second  term  is  equal  to 


the  factor  in  the  brackets  increases 


while  the  factor  (1  + y) 


decreases. 

The  maximum  pressure  Pm  * 1 1 1 ottur  al  HOmc  * m 

Let  us  designate. 


F ( y ) - ; 1 


- ( i * y ) 


\ 2 I - (i  * y> 


1- 


(1  * y)  1 Cl  • y} 


Differentiating  Fly)  with  respect  to  y,  and  equating  the 
derivative  to  zero,  wc  find: 

2_ 

(l_Ll  Y - F (8)  - const.  (59) 

'■V* 


i • y. 


-when  e - 0.2;  FjlO)  - 2.387_ 


whence , 


- 'i  L *V*>  - l- 


7 - id  -ai)L  Fjie)  - i_~ 


(60) 


<»>  1.  <»>.  <«>  ■-  <“>•  ,B” 

for  *11  the  cle»ents  of  lotion  at  the  instant  p - PBax. : 
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2+W 


pi  JL  1 - 

~B  5“  2(1  + 0 ) 


fnir  - 


, > • * 


iL  \ » 
2 > 


B 1 • H \ 1 

When  # - 0.20,  Fo(0)  - 0.3200. 


- ) 


-t*  (H  ) . 


(6  1) 


B 2 


B ( 1 


Hi 


- e ) 

i 

i ♦ e 


(62) 


(63) 


Equations  <60*  (61),  (62)  and  (63)  give  the  direct  relationship 

p.t.een  the  events  of  .Con  and  sever.)  characteristics  and 
parameters  at  the  Instant  of  maximum  pressure.  Thus  the  path  I n 
ts  direct),  proportional  to  the  reduced  length  of  the  chamber  <0 
,„d  to  1 - 04.  When  A Increases.  ».  decreases.  The  pressure  P. 

is  directly  proportional  to  the  pressure  p,  of  Instantaneous  burning, 
determined  by  Wobel’m  equation;  P,  Inversely  proportional 

prof.  Droxdov ’ - parameter  B.  1-  Inversely  proportional  to 

the  parameter  B. 

When  0 - 0.2: 


p - 0.320 

■ 


P1  _i?  _a  - 1.387(1  - ad). 

"5"’  ^ ■ 
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of  the  powder. 

Prom  the  general  equation  for  the  projectile  velocity,  we  have: 


1 + yK  \ ® / B» 

v - v"P  v 1 ' ' 7T~y  j \l  " ^ ; 


\ 


np 


1 - 


“IF  hi  - y)" 
2 / 


(68) 


The  Temperature  of  Powder  Gases. 
In  the  case  of  instantaneous  burning  had: 


t1  \® 


1 


1 1 ♦ M < l ♦ y ) * 


(69) 


When  burning  is  gradual: 
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Hpl 


(70) 


(l  * y > 


A comparison  of  (69)  -1th  (70)  -111  show  that  in  the  expression 
for  relative  gas  temperature  for  gradual  burning  of  a powder  -ith 
a constant  area,  the  value  of  the  exponent  is  one-half  of  that 
of  instantaneous  burning.  Consequently,  the  temperature  drop  in  the 
case  of  gradual  burning  proceeds  almost  at  half  the  rate  of 
instantaneous  burning,  because  the  work  done  in  traversing  a given 
path  is  considerably  smaller. 

The  expression  for  the  temperature  T may  be  written  as  a 

function  of  4 only : 


2 2 

v 4- 
K_ 

+ vnD 


'I 

- i - -S-* 


1 - B-f+. 


(71  ) 


l.e.,  the  temperature  of  the  gases  inside  the  barrel  during  burning 
of  powder  with  constant  area  is  - linear  decreasing  function  off 
At  the  end  of  burning  (t  - 1) 


tjl  - i 

Tl 


BO 

2 


The  thicker  the  powder,  the  larger  is  B.  and  the  lower  1.  the 
temperature  T^. 


In  the  second  period,  from  expression  (68) 
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=X-  . 1 


np 


"t  (1 


(72) 


T 
T 1 


- 1 ~ 


Be 


Vk 


1 ♦ 7 


(73) 


These  relatively  simple  equations  enable  one  to  perform  an 
analysis  of  the  variation  of  the  elements  of  a shot  (p,  T) 

as  a function  of  y - the  relative  path  of  the  projectile  - and  to 
establish  a series  of  relations  and  properties  of  the  variation 
curves  of  these  elements. 
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or 

CHAPr»ll  j c»« 


i « * 0,  c1  " * 

' 0 


, analysis  of  the  fuxdahental  curves  p.  v.  T.*. 

l'  ANA  . , ol  the  curves  represented 

1 eta  Of  the  equations  obtained, an 
An  analysis  of  le  colIlbl  nations  of  t*o 

by  the.,  shows  that  they  represent  cert 

type*  of  curves  (fig-  *«>  k . ! , « ,»d  1'  - > ' » ! 

. TWO  polytropic  curves  with  exponents  k 
s ta  r 1 1 ng  fro.  the  point  (1.  0).  first  Cropping  steeply 

"“T-  — — » « r‘:r  t::  rr . 

exponent.  ...Her  than  unit,  h the  conve, 

fro.  point  (1.0)  and  descending  -uch  -ore 

side  directed  downward. 


. „««  t,,..  ..  --  — *“  ,1»-t 

.....a,  i.  »h.  »> 
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p* 

p 


(.66  1 ) 


1 1+X 

(i  + yg>  2 


In  the  second  period: 


P 


(67') 


B0 


(i  * y) 


T TV 


tT"  " ! . 12_  u . y>* 


f np 


(72) 


(68’  ) 


„ n f the  polytroplc-  indicated 

gacta  of  the—  equation,  contain-  o 

. _ , variable  co-ponent. 

above  In  the  for  gradual  burning  are 

T , for  ln-tantaneou-  and  graaua 

The  curt*  • curve-  with  exponent-  6 

expre— * directly  in  the  M»t  P*' 

Tb*  ordinal**  of  tb*  T (fl<.  Ilf) , **  • *o  r#  0 

TZ'Z'Z  » coo..1.......  >/».  - 

:« — — - •—  - * 
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-I 

-1 


of  coordinates  to  y*  which  corresponds  to  the  end  of  burning  (fig- 
143)  . The  curves*,  y and  , -re  inverted  with  respect  to  the 

A T 

curves  -m- > T* 

La.—.,  .1  ........  .....  l»7'!  ...  «•'- 

»,  .imm  .........  °<  >».  * °’ ,BO"  ll* 

.u.lllar.  polytr.pl.  curve  y - 1 U + 1>  ThlB  b*“e  P°lytr°P 

.....  1.  th.  n.ctrlc.l  l.c  .<  >».  p.......  P,  PI  ■»  >b.  a".  «> 

burning,  expressed  as  a function  of  y (66). 


Fig.  143  - Curves  ^ and  ▼/ vnp  in  the  Flrsl  Period‘ 

It  is  seen  fro.  equation  (66)  that  when  B (powder  thickness) 

increases,  p*  decreases,  while  yK  increases  ^according  to  •*>_/- 
The  curves  of  the  second  period  ele^nts  start  to  the  right 
of  the  absciss.  the  curve  T/T,  represent,  the  curve  T/T,  - 1/(1  + 

of  instantaneous  burning,  -ultiplied  by  the  quantity  1/0  - B./2) > 1, 
,hich  aeans  that  the  gradual  burning  curve  1.  higher  than  the 
mst.nt.neou.  burning  curve,  the  difference  in  height  increasing 
with  the  par—ter  B,  i.e*.  the  difference  being  greater  for  thicker 

powdwrs. 

Pro.  equation  (60)  it  is  — » that  the  ■»!«■  preaaure  is 
independent  of  the  par—ter  B,  of  th.  thick—,  of  th.  powder,  and 
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of  the  weight  of  the  projectile.  For  a given*,  the  length 
proportional  to  the  length  of  the  cha.her;  when  * Increa.e. 

•axisu.  1-  shifted  toward  the  start  of  -otlon. 

xhe  real  ^ P-sure  /^nation  <61>_/  1-  P-Portlon.l 

to  the  waxlouw  preesure  In  the  case  of  Instantaneous  burnt  *’ 

. f4,cl  . an),  and  Is  inversely  proportional  to  the  par.weter  B. 

or  to  the  powder  density  scared.  When  the  energy  of  the  powder 
entering  In  the  expressions  for  the  pressure  Px  - --eno.  nator 

B.  is  changed,  the  saxisu.  pressure  varies  proportionally 

. * he  weight  of  the  projectll  , 

energy  of  the  powder  squared,  and  to 

because 


s2i2i 


B - 


f-'tq 


and 


f-«f« 


f2(«) 


and  v decrease  also  /“equations  (62)  and  (63)_7- 
When  B Increases,  m instantaneous  burning, 

The  adiabatic  pressure  curve  In  the  case  o 
, . l/(l  + ,)1  + #.  act.  a.  -guide-  for  the  adiabatic  curve,  of 

the^ second  period  when  the  powder  burn,  gradually  The  ordinate. 

- — — •-  - ”“ipr;(::  r 

w I/O  - ••/*>  > 1 <-  - 

_ U,or  1.  «,  «•  1W'  »•  «b“  ■ * 

‘7JT.U. «».  — »•  *“  “~”d  p"io,‘  “■ 
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s 


adiabatic  curve  of  instantaneous  burning.  The  ratio  of  the  ordinate* 
of  these  adiabatics  for  the  sa.e  value  of  y (or  F ) is  constant 

and  equal  to  1/(1  - Bi/2)  • const. 

In  the  case  of  instantaneous  burning  and  in  the  second  period, 
the  projectile  velocity  is  proportional  to  the  square  root  of  the 
tesperature  drop,  rather  than  to  the  first  power  of  this  factor, 

as  is  the  case  for  the  first  period. 

For  a given  charging  density  and  during  the  burning  of  the 
powder,  the  projectile  velocity  in  a given  section  does  not  depend 
upon  the  weight  of  the  projectile.  Indeed,  fro-  equation  (55) 


2fw 

ik8b  I 


1 - 


(1 


y) 


' l0(1  “ ancl  *or  one 


it  is  seen  that  for  a given  value  of  y 
and  the  s.-e  powder  (f,  a,  4)  the  projectile  velocity  is  independent 
of  the  weight  q of  the  projectile.  The  s..e  -ay  be  said  of  the 
tesperature  of  the  gases  /“according  to  forsul.  (70)_7- 

If,  all  other  conditions  being  equal,  we  vary  only  q which 
enter,  into  p.r.seter  B.  the  pressure  p and  * fro-  equations  (54) 
and  (56)  and  the  -axi-u-  pressure  p,  and  increases  in  proportion 
with  q.  while  the  location  of  the  -axl-u-  and  of  the  value  v_  does  not 

cbftBfe* 

Consequently,  the  velocity  curves  coincide  point  by  point 
when  super imposed  on  each  oth.rC),  and  only  -hen  the  projectile 

«&  s s.rmrJ 

x • 1 • OS  • 
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4 


7 he  attained 

)n.u,  v /"fro*  equation  (64)_, 
iB  heavier  will  the  velocity  vR  _ 

earlier . 


144  ..xxi.ttc  Curves  for  the  Si.plcst  Case. 

Fig.  I44  " Bal  — (•rtllc  does  not  vary 

with  lt.  weight  -y  ^ the  ^ ch,rge  and  type  of 

^er  in  projectile.  of  different  weights  and 

PO-der  !•  u8Cd  t0  lB  proof  that  the  co.bustion 

the  velocity  re-in-  unchanged. 

of  the  powder  — inco.plete  m both  c““  ele»ents  of 

: v:  - - - — 

to.tant.neou.  and  ««*■■»  ^ .lth  the  nu.ber  of 

All  the  curve*  on  th  *r 

- r.r.r.~ - « — - - *•  •• 
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/'-fro.  equation  <64)_7  be  attained 
1.  heavier  .111  the  velocity  vK  fro. 


earlier . 


™ fact  that  the  ^ co.plelc  burning  of  the 

•ith  118  WCieht  „ . ^n  using  the  ease  charge  and  type  of 

po.qer  in  «"  ««•  _ proJcctlle8  of  different  weights  and 

powder  is  used  th»t  the  co-bustion 

tbe  velocity  remain.  unchanged,  it 

of  the  powder  «»  incomplete  In  Qf  thc  elements  of 

„ ,44  illustrates  the  basic 

Figure  144  f thc  cases  of 

. v T p)  »•  * function  of  I or  y * 

* ’ ,nd  ,r.du.i  burning  of  the  powder. 

i“  - * °rdi“"  •“  *■  “ 
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*: 


pi  and  Tr  Ti 


and  tbe  other  at— 1/(1  - B8/2) . 

The  two  pressure  poly  tropic  curves  with  exponents  k and  k\ 
and  the  two  "polytroplcs"  of  tesperature,  with  exponents  B for 
instantaneous  burning  (69),  and  6 2 for  gradual  burning  (70)  issue  from 
the  first  point;  the  ordinate  at  y - -1  is  a couon  asymptote  for 
all  of  these  curves. 

The  curves  p (67  •)  and  T,  Tj  (72)  for  the  second  period, 
issue  from  the  second  point,  whose  ordinate  is  1 (1  - B«  2) . These 
curves  are  real  only  to  the  right  of  the  ordinates  P| 

- B&/2  with  abscissa  y^. 

Both  of  these  curves  lie  above  the  corresponding  curves  for 
instantaneous  burning,  the  ratio  between  the  two  sets  being  constant 
and  equal  to  1/(1  - B«  2)  > 1.  The  horizontal  line  whose  ordinate 
equals  unity  Is  the  origin  for  the  curves  p/p^(l)  and  T,  Tj  (69) 
and  (70),  the  terminal  point  for  •+  and  v/v^  ( 54 ’ ) , and  Is  an 

asymptote  for  v vnp  for  both  Instantaneous  and  gradual  burning  of 
powder . 

The  curves  + , y and  y in  the  first  period  are  similar  to 

the  curve  AT/T  which  Is  measured  from  the  horizontal  along  the 
ordinate  equal  to  unity. 

The  curve  p/p1  for  gradual  burning  is  obtained  by  sultiplying 
the  ordinates  of  cu r ve  * ( 54  * ) and  of  the  adiabatic  curve  2 with  the 
exponent  k*  -»  1 + §/2. 

2.  THI  CORDITIOHS  FOR  RAIKTAIK IHG  THE  MAXIMUM  PRESSURE  CONSTAKT. 

Thin  question  is  very  important  in  the  ballistic  design  of 
guns,  because  the  condition  generally  leposed  is  that  p#  sust  not 
exceed  a certain  given  value.  For  this  reason  the  designer  Bust 
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how  to  v.ry  the  loading  conditions  in  order  to  keep  the 
know  bow  to 

a»xi»»  pressure  constant.  e to  establish  the 

~ — - ■»* 

„l|bl  «•  *** 

regain  constant  *hen  the  -eigh 

varied  in  a given  gun. 

Indeed, 

to  f2(«> 

1 - 04  S2l|g 


(61  ’ > 


, and  a given  projectile 
. „ (f  a,  uJ  ana  *»  » 

For  » given  UP*  »*  P<>«der  U.  - 1 „ o 

«,  hv  varying  either  ft  or  1K  1 

.eight  P.  can  be  changed  or  , , p can  be  kept  constant. 

is  increased  sl.ul taneously  wit  1 *sure  i8  obtained  in  the 

the  constancy  of  the  p 
The  condition  of  the  c 

form: 


P«  * 


f A 

\ - ab 


mm  cons  v . 


Let  us  group  toge 


ther  the  co 


nstants : 


(x  - •)  - 


• const. 


Oesisostlng : 


_i_F  <«)  - a.  ed  const, 

P.  2 
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we  obtain  the  condition  for  maintaining  p constant: 


- const. 


(74) 


P_  - 


In  the  case  when  a * 1 <5  , when  ^ ^ - 0 and 
const,  has  an  analogous  form: 


1 , the  cond 1 1 ion 


3 JL  _ -L  j - const  . 
U <5 


Knowing  and  given  a , one  may  find  the  quantity  B insuring 
the  obtainment  of  the  given  p^,  and.  knowing  B,  one  may  find  the 
corresponding  value  of  2e^  or  1^. 

Condition  (74)  shows  that  in  order  to  keep  pa  constant  when  & 
is  increased,  it  is  necessary  to  increase  the  thickness  2e 1 of 
the  powder  in  order  to  offset  the  decrease  of  B obtained  from 
increasing  the  weight  of  the  charge  together  with  the  increase 
of  A . 

From  the  condition  (74)  of  the  constancy  of  the  maximum 
pressure  for  a given  gun,  projectile  and  powder  of  definite  physico- 
chemical properties  (f,  a,  <5,  uj),  a direct  relation  may  be 
established  between  the  weight  ^ of  the  charge,  the  thickness  2ex 
of  the  powder  or  Its  pressure  impulse  1^,  and  the  reduced  length 
of  the  free  space  in  the  chamber  at  the  end  of  burning: 


W0  W1 

tx  - f0(l  - OA)  - -£-<l  - OA  ) - — . 
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Indeed,  substituting  the  value  o 
the  deno.ln.tor  by  W*.  - °bt*ln 


f B In  (74)  a 


nd  replacing  & in 


»2l^i 


82ItW0U  * a*°  s V-  - a. 

f^2*f» 


Transpo 


Bing  all  the  constan 


t8  to  the  r i gh t Bide,  and  designating 


them  by 


we  obtain . 


f2W  a_f«f«  f2F2(6><f« 
\ X 


(75) 


P.B 


Computing  first  K*  from 

equation : 


r2(8)t  <?» 


tlue  w of  the 


charge  necessary 


to  insu 


re  a giver 


and  calculating  the  v.  ^ deter.lne  the  lull  pres.ure 

initial  (-u«le>  velocity  vA , 

Impulse  lj  ” ®l//ul 


(76) 


l*  ~ >y»ft  - 


ho.,  that  m order  that  the  pressure  In  a given 
‘ h Z weight  o*  the  charge  l.  increased,  the 
■“  re-m  constant 2 „f  the  powder  —«  be 
full  pressure  l.pul-  Ig  ^ 
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r— 


increased  at  a soaevhat  higher  rate  than  the  weight  of  the  charge. 

Let  us  apply  equation  (76)  to  calculate  the  powder  thickness 
for  a 76  mm  gun,  1902  aode 1 . 

The  conditions  of  loading  are: 


V - 1.654:  s - 0.4693;  - 0.930;  q - 6.5;  f - 9-105,  a - 1; 

0 

u - 7.5-10"6;  <p  - 1.08;  6-  0.2;  Pb  - 2320-102. 


v'K  - \ 


/ F 


2(0)f  <?■ 


/ 0 . 32 • 92 • 10 


0.46932* 


10- 1 .08- 0.0663 
2.32* 105 


36.4* 104  - 


603  ; 


I 


K 


6030. 930 
v'l  .6  54-0.930 


603*0.930 

0.85 


660  kg* sec 


da 


2. 


2ei  - 2u1Ik  - 2 • 7 . 5- 10“® • 660  - 0.0089  da  - 0.99  mm  •=  1 ■■(• 

W«  hare  obtained  the  thickness  of  atrip  or  tubular  powder  of 
grade  SP  which  was  used  in  this  gun.  and  developed  a velocity  v* 


(•)  This  thickness  of  tubular  powder  corresponds  to  the  grade 
7/7,  while  the  thickness  of  1.28  mm  corresponds  to  grade  9/7. 
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. 588  a/sec  -hen  the  charge  w -»«  0.930  kg. 

The  same  gun  -a,  he  fired  with  a charge  w “ 1-08  kg  and, 

o<  - «»  “■  “ ““ 

IT5>  ...  .».»■  -■  >“  - 


case . 


, as  . kZ  remains  the  same  as  in  the  lirst  case. 

Inasmuch  as  \ *Sa 

603  *1.08  <303  * i . 08 


*K2 


- 860, 


vT76M-1.08  0.757 

the  thickness  of  tubular  powder  for  the  same  »,  *>■>  ^ 

2ei  - 2-7. 5- 10-6-860  - 0.0129  dm  - 1-29  mm. 

and  this  is  the  thickness  of  our  previous  powde.  C42- 
The  ratio 

Ig2  860  _ , 3~2-. 

Igl  “ 660  “ 7 

c,„, ......  ....  «.«  ...  "r,”d  ■tP"’X1“" 

......... .....  — ■»  *—  “ — rt— •*  7". 

„ .... .. ......... ... ......... ..  •“  -*"r  ‘“,c“ 

is  kept  the  same. 
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3 the  position  of  maxiwin  pressure  P.  in  the  bore  . DF  ww. 

OR  THE  PATH  I.  TRAVERSED  BY  THE  PROJECTILE  AT  THE  INSTANT 
OF  MAXIMUM  PRESSURE. 


, _ fl  fFjie)  - i_T  - l0<1 


a*)£— F j (8 ) - 1. 


(77) 


For  a given  loading  density  In  a gun  «plo,l.g  a given  type  of 
powder , Eh.  maximum  pressure  P.  Is  -eloped  at  the  same  dtstance 
from  the  starting  point  of  the  projectile  ( l . - —>.  regardless 

Of  the  powder  thickness  and  the  projecttle  -eight.  That  ts,  the 
path  traversed  by  the  projectile  up  to  the  Instant  of  maxlmum 
pressure  does  not  depend  on  the  powder  thickness  2c-,  nor  on 

the  weight  q of  the  projectile. 

_ I 1 using  a given  type  of  powder  (f, 

In  a given  gun  (*0,  s,  lQ)  using  a g 

a,  u . B ) the  position  U.)  of  m»l-»-  pressure  depends  only  on 

the  density  of  the  charge.  The  larger  A.  the  sm.ller  will  be 

(1  . od)  and  the  nearer  to  the  starting  point  of  motion  will  be 

'"^'^uatlon  (77,  show,  that  under  the  condition  of  constancy  of 
the  maximum  pre.mure  p..  -hen  * 1-  -creamed  -1th  the 
increase  of  B and  of  the  powder  thickness  2ex>  the  maximum  P.  - 
toward  the  origin  of  the  projectile  motion.  Because  the  parameter 
B increase,  thereby,  then,  on  the  basis  of  formula  (62) : 

(.)  This  conclusion  1-  also  confirmed 
case  of  P0  " 300  kg/c.2,  K-  1.06. 
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decreases . 


iS0S  i tbaverSED  by  projectile 

4.  EHD  OF  BURNING  AND  PATH 

IN  THE  BORE  OF  THE  GUN. 

4 „„  „ the  end  of  burning  is  determined 

The  location  of  the  projectile  at 

, ,hUe  the  corresponding  pressure  PK  is  foun 

by  equation  (65),  wnx  ie 


fro*  equation  (66). 

Fro*  (65)  we  get: 


!o(1 


aA) 


- 1 


- ,h*t  for  a given  loading  density h,  the 
The  equation  -ho-s  that  for  a g 

........ ..  - — •*  •-  ■"""•• . ... 

.... ... *■  — * ■ : ::  „„  ......... 

.. ..........  * r*“‘“  „ 

... .......... .. ...  - •«  - -«« i"-rt 

"c''  , b . ....... ....... ... 

.......  («•>  >.** 

. th.  ...  .f  ..."  » “ „ , 

i!L„ ... ... ..........  -«-* “*  “ “ c p' 

whose  equation  !»*• 
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* V4MMi 


(66) 


- p. 


(1  + yjc) 


1+  f 


This  curve  is  of  the  same  type  as  the  adiabatic  curve  for 
instantaneous  burning  whose  exponent  is  however  1 • « 2.  This 
curve  is  known  as  the  pressure  curve  of  completely  burned  powder. 

The  above  statements  are  clarified  by  the  graph  of  fig-  145. 
The  curves  a.  6.  . and  » depict  the  pressure  variation  during 

the  burning  of  powders  of  different  thinnesses  when  * is  the  same. 


n*.  145  - Pressure  Curve,  for  Different  Powder  Thlckne.se.. 


a - thick  powder;  * - normal  powder;  • - thin 
powder;  «-  very  thin  powder. 


2...  A-  curve  Pg»7g* 


o - curve  p,  y for 


lnwtentaneou*  burning. 


l 
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They  are  disposed  in  such  a way  that  their  maxima  are  on  the 
same  ordinate  at  a distance  ya  from  the  origin.  The  end  of 
burning  occurs  at  a distance  which  is  governed  by  the  powder 
thickness,  the  distance  being  the  greater  the  thicker  the  powder 

(y  > y > y );  the  pressure  values  at  the  end  of  burning 

Ka  K6  Kfl 

increase  as  the  powder  thickness  decreases  (pKa  < < P^)  • The 

points  corresponding  to  the  end  of  burning  lie  on  curve  2-2 

calculated  from  equation  (66)  _ when  6-  0.2,  1 ♦ 6/ 2 - 1.1_7. 

Curve  1-1  corresponds  to  the  adiabatic  variation  of  the  pressure 

at  instantaneous  powder  burning  (1  +0  - 1.2). 

The  disposition  of  curves  1-1  and  2-  . shows  that  the  pressure 

curves  for  gradual  burning  (a,  6 , 6,  * ) intersect  the  curve  1-1 

depicting  Instantaneous  burning.  The  second  period  curves  for  the 

cases  a,  « , s , and  t,  which  are  not  represented  on  the  diagram, 

are  all  disposed  below  the  curve  2-2  and  above  the  curve  1-1. 

At  the  same  time,  since  for  the  given  powder  p^/Cl  - BO/2)  - const. 

the  nature  of  the  pressure  change  p in  the  second  period  depends  upon 

1 + 9 

the  variation  of  the  variable  factor  1/(1  + y)  , the  latter 
varying  as  in  the  case  of  instantaneous  burning,  i.e.,  along  the 
adiabatic  curve  with  initial  pressure 


1 1 / \ 

(>-¥) 


>pr 
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When  the  powder  thickness  is  decreased,  B and  px  decrease 
also,  and  inasauch  as  the  adiabatic  curves  with  the  saae  exponent 
1 + e do  not  cross,  the  adiabatics  in  the  second  period  are 
disposed  the  lower,  the  thinner  the  powder,  i.e.,  inversely 
to  the  disposition  of  the  pressure  curves  in  the  first  period. 

If  we  compare  the  expressions  for  pressure  in  the  second 
period  and  at  instantaneous  burning,  keeping  the  value  of  y the 
same,  we  will  get  the  following: 

In  the  case  of  gradual  burning  in  the  second  period 


(1  + y) 


in  the  case  of  instantaneous  burning 


p.  - Pl  — 

(l  ♦ y ) 1 


..  when  the  loading  density  is  the  same,  the  ratio  of  the  pressure 
in  ths  second  period  to  the  pressure  at  instantaneous  burning  remains 
constant  for  «nT  p»th  length  of  tho  projoctllo  (gromtor  th*n  1^).  Thi 
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h n B decrease,  and  the  projectile  ~i«b«  lacreases. 
ratlo  decreases  -hen  for  the  si.plest  case 

The  graphs  and  equations  presente 

The  gr»po  directly  the 


) perm.  — 

d the  for.  Of  the  basic  relations  between  the  ball!- 
appearance  and  ^ iocotl<jn  and  .agnitude  of 

elcents  of  a - • on  the  loading  conditions  (*.  •> 

.„i.u.  pressure.  tfce  end  of  burning  and  the 

lhe  .osttion  -;;;;;;J;;ereby  the  condillon  .f  the 

rirressure  constant  When  the  ^ ^ , . , 

„„  varied,  and  the  independence  oi 
powder  thickness  are  varied, 

^ A f t Ho  projec tile. 

- '»*  ,b*  ” Z ,„r  the  -re  c-P- 

such  si. pie  relations  are  not  obtain 

Such  si.p  bcco.es 


Such  si-P- bcco.es 

c 1 * 0,  a * 1/6)  • *»  8uch  “ C“8e 

cases  (*  t 'Tq  _ elements 


C‘“C8  \ ’.»°,l,ze  the  effect  of  the  individual  elcents  by 

necessary  the  data  found  In 

co.pu ting  » series  of  variations 

ballistic  tables. 
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CHAPTER  5 - A SURVEY  OF  CERTAIN  OTHER  METHODS  OF  SOLOTIOW 
(Written  by  Prof.  G.V.  Oppokov) 

1.  A VARIATION  OK  PROF.  G.V.  OPPOKOV  S SOLUTION 
In  order  to  integrate  equation  (13),  Chapter  1,  (p.  473): 


kjX  - BjxZ 


it  is  convenient  to  apply  the  usual  method  of  classical  mathematical 
analysis  - the  method  of  substitution,  namely,  of  temporarily 
introducing  into  the  process  a ne.  variable.  C . so  that: 


/ C B Be  ,2  / 

* - * 4 a x 


.here  a is  the  difference  between  the  lengths  of  the  free  volume* 
of  the  chamber  at  the  start  and  end  of  burning: 


•"'a  -fi“^  la'T 


When  this  substitution  of  variables  is  effected  in  the  ne. 
equation,  it  sill  become  presently  apparent  that  "the  last  term- 
does  not  contain  in  the  denominator  the  difference: 

%>  + klX  ' Bl*2- 

Thi.  obviate.  the  need  for  mathematical  transformations  in  the 
course  of  integration  for  the  purpose  of  replacing  the  obtained 


M 


PHAPTKR  5 - * SURVEY  OF  CERTAIN  OTHER  METHODS  OF  SOLUTION 
~ (Written  by  Prof.  G.V.  Oppokov) 

1.  A VARIATION  OF  PROF.  G.V.  OPPOKOV  S SOLUTION 
,n  order  to  Integrate  equation  (13).  Chapter  1.  (P-  “73): 


dt 


Bxdx 


(78) 


i +,  +0  + klx  - Blx2 


It  Is  convenient  to  apply  the  usual  method  of  classical  mathematical 
analysis  - the  method  of  substitution,  namely,  of  temporarily 
introducing  into  the  process  a ne.  variable.  C . so  that: 


, r B6  ,2  / 

/ - * + a — x 


(79) 


,here  a is  the  difference  bet.een  the  length-  of  the  free  volumes 
of  the  chamber  at  the  start  and  end  of  burning: 


w I ±\ 

* " ?A  1 1 " « 1°  ’ * 


(80) 


.hen  this  substitution  of  variables  is  effected  in  the  new 
equation.  It  -ill  become  presently  apparent  that  'the  last  term- 
does  not  contain  In  the  denominator  the  difference: 

4-0  + kix  * Bi*2' 

This  ob-i.te.  the  n~d  for  m.tbe.atlc.1  transformation,  in  the 

Of  loMirotlon  for  >»•  P.n»~  °<  r.pl.d"  »• 
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Grouping  the  terms. 


<K ^ - -Bad  - 9)x. 

dx  + kLx  - B^x2 


The  common 
the  first  order 
following  form: 


integral  of  this  liuear 
including  the  last  term 


differential  equation 
can  be  represented  in 


of 

the 


* Bxdx 


Bxdx 


^ - e 


C - Ba ( 1 » 9 ) 


j- 


+o'V-Bi*2 


xdx 


(81  ) 


f n.  tural  logarithms,  and 
where  e is  the  base  of  natural  io*ar 

constant . 

fe  .ust  introduce  into  the  analysis  P-of. 
C Bxdx 

3 - gi 

- z 


is  still  an  arbitrary 

Drozdov's  function: 


Then  the  partial  integral  of  the  last  equation  - 
the  derivative  dS/dx  »U1  *»* : 


itb  respect  to 


B 

* 57 


e - z 


~C,  - Ba 


.....  ( .* 


xdx  / . 
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2.  PARTICULARS  OF  PROF.  IP-  GRAVE'S  SOLUTION 

This  .ethod  of  solution  was  developed  by  Prof.  I-P-  Grave  in 

order  to  perfect  Bianchi's  -ethod.  which  .as  the  first  variant 

, _ j i .-w  o.i  a t 4 r»  nf 


(in  ti*e)  of  lhe 


.ethod.  in  Bianchi's  original  equations  the 


av . 


effect  of  the  variation  of  I 


is  discounted  and  in  integrating 


eiieci  » nv  „ . 

a8  acertain  inco.pletely  determined 

he  considers  the  quantity 


ne  LuuDiov. — . t 

constant.  Bianchi  divides  the  curve  p.  I -to  three  seg-ents. 

, ; _ _l_a  and  l . respec tively , 

for  which  instead  of  I ^ he  takes  2 1 

.hich  corresponds  to  the  following  conditions: 


vy  - u ; 

a v . 


^ - o . 5 ; 1 • 

av.  av* 


<=■"“  »■  1 '•  ' *"  U"’ 

....  — » *“  " “*  *CC<>“  ' 
third  segaents. 

In  ordcr  to  tahe  into  account  the  effect  of  the  variation  l, 

,„d  obtain  — t-P.l  -d  v.  I curves.  Prof . 1 • P • Grave . in 

integrating  the  equation  for  the  path  of  the  projectile,  consi  er  T 
„ a variable,  defined  by  the  average  value  of  its  derivative  .1 
respect  to  I . This  average  value  of  the  derivative  -ust  be 
Because  decreases  during  the  burning  of  the  powder.  Consequen 


whence 


after  Integration,  we  obtain: 


•*-  'i0  "*'■ 


(83) 


584 


m 
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and,  consequently,  the  following  Bust  obtain: 


(i  - k>  l - r z 
To 


-u-k)ffT 


B 

1 - ; 


Using  a second  time  equation  (83),  we  obtain  the  following 
equation  f rom  the  above: 


- ( 1 -k )f 


J - t Z 
o 


'f 


(85) 


A certain  difficulty  arises  from  the  fact  that  in  order  to 
apply  equation  (85)  it  is  necessary  to  know  the  constant  k,  for 
which,  in  turn,  it  is  necessary  to  know  l j see  equation  (84) 

but  the  path  of  the  projectile  at  the  end  of  the  period  is 

unknown  beforehand. 

In  order  to  overcome  this  difficulty,  a nomograph  is  given 
r~  see  I.P.  Grave,  " VNUTRENNYAYA  BALLI  ST  1 1CA"  (Internal  Ballistics), 
Py rod y nasi cs.  No.  1,  p.  58_7  which  enables  one  to  determine  the 
ratio  / K/  / x if 


^ ) D - 1 o i 

* 8 In  Z,  - 2.303  -5-  log  Z^1 


h 


and 


HaX  B| 


Bl 


are  known. 

Hawing  found  from  the  conditions  of  loading: 
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CHAPTER  VI  - SOLUTION  OF  THE  FUND  A MENTAL  PROBLEM  OF  1HTERXAL 
BALLISTICS  ON  THE  BASIS  OF  THE  PHYSICAL  LAW  OF  BURNING 

(If.  Ye.  Serebriakov's  Method) 

As  was  shown  in  Part  I of  this  text,  the  actual  burning  of 
powders  deviates  from  the  geometric  law  under  the  influence  of  a 
number  of  factors.  An  analysis  obtained  by  the  aid  of  the  progress i vi t y 
curves  P,  ^ and  P,  t has  shown  that  certain  anomalies  actually  occur 
even  during  the  burning  of  powders  of  simple  shapes:  non- i ns ta nta neous 
ignition,  accelerated  burning  of  the  outside  layers  (ballooning), 
etc.  The  burning  law  cannot  be  established  at  all  on  the  basis  of 
the  geometric  law  for  adulterated  and  porous  powders  used  in  pistol 
cartridges. 

The  actual  burning  law  can  be  established  only  by  burning  powder 
In  a test  bomb  at  different  loading  densities  and  by  obtaining  pressure- 
time curves  reflecting  all  the  deviations  and  peculiarities  of  a given 
sample . 


The  variation  in  the  intensity  of  gas  formation  P and  I - 


pdt 


as  a function  of  ^ and  t can  be  established  from  the  obtained  p,  t 
curve . 

t 

Lion  with  the  fundamental 


Both  graphs  P,  and  ^ pd t , ^ in  conjunct  1 


p,  t curve  obtained  from  the  bomb  test  enable  us  to  solve  the 
fundamental  problem  of  pyrodynamics,  i.e.,  to  compute  the  gas-pressure 
and  projectile  velocity  variation  curves  under  conditions  of  actual 
burning  of  powder  in  the  bore  of  a gun. 

These  graphs  also  enable  us  to  establish  the  individual  behavior 
of  powder  lots  of  different  grades  occasionally  differing  considerably 
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,-1 


In  and  2.303  g—  log  ZK 
1 1 1 


aoh.  this  will  enable  u»  to 

we  ...  ae—  1r  'i  tro“thil 58ra’ Pb' 

calculate  * tro.  equation  <8*>-  accurately.  the  obtained 

lf  lt  is  necessary  to  8uccessive  approximations 

— 

- -iue  **  :ou::r  a"  iii^.  and . ~ *2 » - , 


The  value  kl  tound  Iron  the  Kr  , ^ ^ ^ value  ^ is  then 

1B  found  in  the  second  •‘PPr°X  „CCOBd  approximation,  and  so  on. 

determined  from  (84)  colnCiding  with  the  required 

unlil  two  consecutive  values 
deFe.  of  accuracy  are  obtained. 
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w *" 

method  other  than  by  bomb  tests. 

There  have  been  actual  cases  -here  po-der  tots  of  the  same 

d and  the  same  manufacturer  having  identical  chemical  co.posit  on 
grade  and  the  s charging  -eights 

6 

. fired  at  the  same  values  of  and  Pmax 

*• — •>  •*  *—  d 

varied  as  much  as  id 

‘ *■“ 

The  P~»l-  »>  “ni'“  , „„ 

ho  solved  in  exactly  the  same  manner  only  on 
or  porous  po-der s can  be  solved 

* i (nhvstral)  law  of  burning, 
the  basis  of  the  experimental  (physica 

tlna  belo.  the  -ethod  of  solving  the  funda-en 
■«  are  presenting  oeio 

, f.  Dhvslcal  la-  of  burning,  -hen  the  burning 

rr;::::;:  -j—  ~ — - ,b-  *— 

f Odt  up  at  various  loading  densities. 

*'  * " J Pdt’  * 

The  basic  assumption  made  h c 

fading  -nsitles  * and  in  a -capon  -1th  a variable  spavin  the 

of  , continuously  decreasing  loading  density,  the  va  u j 

lm  . .ingle-valued  function  of  * only.  - -«  ^ ~ 

‘ . deMlty  This  condition,  -hlch  has  been  proved  by  bomb 

loading  density.  extrapolated  in  the 

test,  at  different  loading  densities,  is  be  ng 
, case  for  considerably  higher  value,  of  A m a -eapon. 

given  case  ggutTIOHSHIPS  AS  APPLIED  TO  THE 

1.  DEKIVAT10H  O^BASIC  IMG. 

„.  ..  — ..  — «*•  — ■ — c-r;*  " 
..... .. 

... •«  «• 
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. the  bore  and  the  initial 

».  U-  —■  ,B”"‘  \lU  ..  «.  — 

.» — «— r;:r:u 

value  of  the  loading  de  designations. 

We  shall  introduce  the 
a . loading  density  of  po.der  in 

*0  - — 1 10#dlng  "TtiH  ^responding  to  the  given  value 
— * - ^ PrC8S:::r  loading  dens,!,  h,  at  .hich  the  ho.h 

;i: 

obtained,  correspond i ng  to  the  sa«e  value 

p ,ud  t - g-s  P-sure  and  edition 

of  , when  * 18  VSrlabl  ’ lectlle  in  the  hore  of 

th<*  projectup 

a given  disposition 

the  barrel.  lntegr»l  values  as  folios-: 

the  corresponding  Integra 

,e  -hall  designate  the 

b) 


m 


>° 

\ Pd-t  - f( 


\ pdt  - 10 


Pdt  - »g 


pdt  - 1, 


k >■  a function  of  'V  or  **  1 
, fro»  . table  or  graph  as  • 

I is  obtained  fros 

„n  the  basis  of  bo.b  tests. 
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Inasmuch  as  the  pressure  Impulse  does  not  depend  on  A,  we 
will  have  the  equalities 

* v 


I—  1 


PdT  or  i 


I 


(86) 


and,  correspondingly, 


1 o " 1 0 ’ 1 K " 1 K 


Differentiating  (86),  w€»  get: 


pdt  - PdT. 


(87) 


Here  dt  - an  elementary  time  lapse  during  which  the  portion  of 
change  burned  up  to  a given  instant  under  pressure  P will  receive 
the  increment  d^  when  the  powder  is  burned  in  a constant  volume  at 
a loading  density  A j ; 

dt  - time  lapse  during  which  the  same  portion  vy  of  the  burned 
powder  will  receive  the  same  increment  d*  when  the  powder 
is  burned  in  the  gun  barrel  at  pressure  p at  loading 
density  A determined  by  the  current  disposition  of  the 
projectile  in  the  bore  of  the  barrel: 


A - 


*0  + ■* 
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shall  consider  henceforth  the  va 


lue  of  v*  as  the  independent 


variable . 


2.  DETERMINING  THE  PROJECT  iu*.  ’ — 
On  the  basis  of  the  l.pulse  theorem 
cpmd  v - *»pd  t • 


s projectile  velocity  as  the  function  of  * 


I ntegra 


ting  from  the  star 


t of  mo  tion  : 


- s(t  - V- 


here  the  P°r 


tion  of  the  charge  burned  in  the  gun  at  the  start 


f notion: 


A ' S 


De termini ng  v : 


-(I  - 


jr  on  the  basis  (86) 


- -2-0  - * >- 


.... .. «.  w - — ™-  - - h 

At  tbe  end  of  burning  when  t ” 1 
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b n - I ) • 

V - 0 

K *?■  * 

to  the  analogous  for»u  average 

ln  contras  corresponds  not 

the  value  of  1^  «hiclv  may 

law  of  burning.  ^ tfce  maxt-u»  thickn  ’ variable 

of  the  powder  u oowders  having 

thichness  the  a verage  ihicKness  of  po 

considerably  exce  e8Bure  i»P^»e  ol  “ 

thickness . *diagra.o<t  1Bflg.  146- 

usually  obtained  in  bo»b  tests  i ^ ^ 

The  value  of  the  the  value  of  . g > >1 

burning  of  ^ thickest  ele-ent  of  the  charge, 

correspond,  to  the  burning 


of  Tubular  Powder 

146  - Pre,‘Ure  "Z  of  actual  powder  burning 
Therefore  al«>  ln  tbe  ca.e  of  the  geo.etrlc  1» 


V law  Of  twrning) 
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’ip~" 


, _ . s K fukct  iom  OF 

iN11IG  the  PATH  of  the  PKOJECTI  established 

3.  DBTERH1**1"0  ( too  between  l ana  ^ 

... — -*»-  — « — ““ 

by «...  •«  «•  r« °v" 

test  curve  P.  ^ - then  the  funct 

ot  depend  on  the  choice  of  V 

d°eS  , ot  £1  Chosen  at  the  test.  nsiona  1 i t F 

...«■  >*•  L “* 

“ ■*  „ , ........ ■*»••»>  -*■'**■ 

•*  *vr 

..  . _2_(i  - »o)dt’ 

dl  - v<u  cfa 


, , function  ot  V ■ deteralned 

•hereU'10  ,lin8.  the  P.-  of  the  P^ectlle 

Upon  integrating. 

by  the  fora#1* 


(91) 


[ 


(i  - ‘0>dt- 


T0 


...  ......  «.  **•  po"’" 

.... ...  .*— > - «—> - """•  ~ 

.. ..... — * — ....... — *•  •«*“ 

«Kprwa*lon  (91) 
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. C 

) 


PcKdt 


klt  _ lb  obtained  by  the  second 

. ^ i _ function  of 

The  value  of  b 

f ...  , . ,ui  by  multiplying 

r o with  respect  to  T a m*  ‘“'J 
integration  of  curve  j 

b,  the  coefficient  * <-■ 

If  ( is  the  path  traversed  by  the  projectile 

. the  charKe  is  burned,  then  L is  the  path  the 

— ■■  - — ■*  r1"" 

— - ••  ••  * “-b  ■**“  *frr:r,r. 

■*  *“  ■“  ■*”  p°ru°‘ 


bUrDed‘  lnff  For  example , it  is  obtained 

L has  a definite  physical  meaning. 

ticc  ln  , bomb  of  considerable  capacity  -Itb  a free  piston. 

iD  Pr“C  ..  w . 300  cm3  the  piston  displacement  (with 

Thus  in  a bomb  of  capacity  *Q 

ally  having  a cross-sectional  area  of  s 

the  piston  usually  ^ the 

about  3 cm.  The  change  In  volume  amounts  to^y  ^ ^ 
piston  is  displaced  by  a pressure  -hich  Inc 

of  L a*  a function  y *■  found  fr°“  the  U*in* 

The  vtlue  of  l.  an  * 

the  procedure  given  In  the  table  below. 

It  i.  necessary  to  establish  the  relation  -tween  l and  L. 

a hence  between  l and  *.  because  L 1-  function  of  f 
*“  . {91)  ,nd  (92)  and  taking  their  ratio 

Differentiating  equstlons  (91) 

.nd  reducing, 
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e s 

B’  - T ~ 


(97) 


I 


Solving  (96)  for  1 , we  ge t : 


! - 


( 1 - B * L.'*  ) 


e 


- l 


(98) 


As  in  the  solution  of  the  proble.  of  Internal  ballistics  by 
the  average  ^ method,  the  value  lc  - average  for  the  entire  bur, 
process  - can  be  replaced  in  this  formula  b,  the  current  value  |% 
by  Kins  of  the  usual  formula: 


I - l, 


- - A fo  - 4 

S \ 6 


J2 


(99) 


and  then 


l - L 


- i 


(100) 


(1 


B,s0> 
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Formula  (100)  gives  the  path  l as  a function  of  y by  means 
of  the  auxiliary  function  1*  . determined  in  bomb  tests  at  loading 
density  A-  V which  function  reflects  (depicts)  the  true  burning 

1 aw . 

Comparing  this  formula  with  the  analogous  formula  used  in  the 

. 1 - ( to  till  note  that  in  place 

method  to  solution  in  which  ^ 

. r y~B  Bl  formula  (100)  contains  the  function 

of  Prof.  Drozdov’s  function  iormuia 

-20  t \ n 

(1  b’L*  ) . For  the  case  where  X - 1 . f 

\) 


Therefore  the  expression  in  parentheses  (1  - B'L^)  has  replaced 

is  solution  the  function  L in  the  case  of  the  geometric  law 


in  this  sol 
of  burning. 


Formulas  (89)  and 


(100)  enable  us  to  calculate  and  plot  the 
• vp  as  a function  of  path  l . 


projectile  velocity  curve  as  a function  of  path 

Pressure  p is  found  fro.  the  fundamental  equation  of  pyrodyna.lcs 


*-*  - 1 <fBV 


.U^  ‘ I > 


wherein  the  v.ri.ble  quantities  as  the  * functions  are  already  known. 

To  determine  the  maximum  premsure  P-  and  the  corresponding  value 
^ we  differentiate  the  equation  (101)  with  respect  to  t: 
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, «n  prc*s*>vi  rc  • 

{or  Maximum  lr 

,7  _ peU'rB>ning  ^'m 

Tffi  u.t»od  0.-  S0UCT10S 

4 o^-.c-  «"..«"■»  » T“  ....  >•■ 

., — “ ■■ ,ir*  : .... «...  - 
..  v; 

J * ties  h “"d  V in  c dctcr.i^'  an° 

loading  — 1 , and  -volume  ‘ ' for,lll0nr.+ 

propel lent  «.r  of  lhe  »««“’  ° 

— the tes;;:^  — - 

oAhf  .eapon.  ~ — 

Knowing  the  loading  -nd 

h ! „ we  *md  the  corresponding  value 

&0  { row  graph  1.  v 

*0  “ , 1_ 

PO  S t j fro*  all  the 

*0  btracting  this  value  of  0 

( pdf.  ^d  upon  -uhtrac 

°f  l°_  l 

of  x,  obtain  the  dependence  o 0 |piC,t.r.« 

value,  of  1.  curve  1 - ‘o’  * 

mtegr.ting  nu^rica  ..  . function  of  «V  • 

find  the  integral  < “ ' « 

~o 
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w 


We  shall  construct,  according  to  equations  (89)  and  (92)  for 
the  saae  values  of  ^ , a curve  shoving  the  dependence  of  v on  L when 
A - Ax  /“fig.  150,  curve  v,  L ( A l ) • If  the  test  were  analyzed 

for  A2  > A1 , the  relationship  v,  wouid  obtain,  which  relationship 

curve  has  a larger  slope  angle  and  in  which  the  shorter  path  of  the 

projectile:  LK(^0)  < Lk(A1}  corrcsP°nds  to  tht*  end  of  powder 

burning.  Both  curves  have  a smaller  curvature  than  the  true  v,l 
curve  of  the  velocities  of  the  projectile  in  the  bore. 


If  we  were  to  extrapo 


late  the  function  L'r  for  the  initial 


loading  density  & in  the  gun,  we  would  have  obtained  curve  v. 

0 

(150).  which  at  the  start  of  motion  has  a common  point  of  tangency 


with  the  true  v,/  curve.  The  latter  is  obtained  when  A decreases 
continuously,  and  as  ^ and  v increase  curve  v.l  (heavy  dotted  line) 
gradually  goes  over  from  curve  v,  L(A0>  to  curves  corresponding  to 
ever  smaller  A,  which  family  of  curves  includes  also  curves  v,  L(A2> 


and  v,  L(Aj ) . 

This  transition  is  the  one  given  by  the  fundamental  formula 


( 100) : 


(l  - B ’ L ) 
*0 


- 1 


together  with  formula  (89) : 


<P 1 


* ( I - I )• 


The  difference  between  the  method  of  solving  the  fundamental 
problem  outlined  above  and  other  such  methods  lies  in  the  fact  that 
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in  deriving  the  dependence  of  / onv+-,  use  is  made  not  of  the 
fundamental  equation  of  pyrodynamics,  but,  rather,  of  the  equation 
of  the  state  of  powder  gases  for  different  positions  of  the 
projectile  in  the  bore  of  the  barrel. 

In  solving  this  problem  use  is  made  of  the  gas  pressure  curve 
P,  i obtained  from  bomb  tests,  which  expresses  the  true  burning  law 
with  all  the  deviations  from  the  geometric  law. 

An  analogous  result  can  be  obtained  only  by  the  numerical 
integration  of  Taylor’s  series  or  from  finite  differences. 


Fig.  150 


Relation  Between  Auxiliary  Curves  v,  L and 
Actual  Curve  v,  ; . 


The  method  outlined  here  permits  the  solution  of  the  problem 
also  in  the  case  of  the  geometric  law,  by  assuming  the  following 
theoretical  relationship  for  f~  . vp  : 


T- 


I K 


* 4 — V - r 

K 1 


^ ^ 

K 


Therefore,  this  method  is  a more  general  one  than  the  methods 
based  on  the  geometric  law  of  burning. ( •) 


_ (totalled  explanation  see:  Serebriakov,  M.Ye.  "FIZICHESKY 

z A KOH^GOKBIiTa  VOdVHUTKK!OreT  PBALL I ST  I IK " (The  Physical  Law  of  Burning  In 
Interna?  Ballistics) . "OBOBOHGIZ"  (State  Publishers  of  Defense  Literature), 

1940. 
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5.  ANALYSIS  OF  THE  OBTAINED  CURVES  p,  J AND  v,  l . 
Analysis  of  curves  p,  i #nd  v,  l obtained  on  the  basis  of  the 
physical  law  of  burning  indicates  that: 


F1K  151  - Curves  p,  / and  v,,'  Obtained  on  the  Basis  of  the 
Physical  and  Geometric  Laws  of  Burning. 

♦ .3.1.  - physical  law  of  burning. 

X.  3.  I,  - geometric  law  of  burning. 

1)  Due  to  ballooning  - accelerated  burning  of  outer  layers 
the  maximum  pressure  is  attained  earlier,  and  the  pressure  curve  is 
disposed  higher  at  the  start  than  in  the  case  of  the  geosetrlc  law; 

2)  The  beginning  and  the  first  half  of  the  velocity  curve  v.  ; 
obtained  on  the  basis  of  the  physical  law.  are  disposed  above  the 
corresponding  v.  ( curve  in  the  case  of  the  geosetrlc  law  of  burning; 
the  curves  merge  at  the  end ; 

3)  The  saac  value  of  PUJ.  1"  obtained  at  a smaller  propellant 
force  of  powder  than  in  the  case  of  the  geometric  law; 

n Due  to  after-burning  of  the  thicker  elements  of  the  charge. 
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Varl"  f Other  variables.  Thus  there  always 

associated  with  variations  of  other  quantitles 
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variable  quantities  involved. 

Ordinary  differential  equations  may  be  approximately  integrated 
by  means  of  any  of  the  known  methods  of  which  there  are  a great  many. 
These  methods  include  the  following! 

1)  Expansion  in  a Taylor’s  series  in  powers  of  the  argument. 

2)  Integration  by  the  method  of  successive  approximations. 

3)  Expansion  in  a series  in  powers  of  small  parameters  entering 
into  the  equation. 

4)  Expansion  in  a series  in  powers  of  the  initial  values  of  the 
unknown  function  and  its  derivatives. 

5)  Method  of  successive  approximations  applied  to  equations  for 
vibrational  motion. 

6)  Methods  of  Euler,  E.L.  Bravm,  and  others. 

7)  Method  of  nuierlca 1 integration. 

The  first  six  methods  do  not  require  the  use  of  finite  differences: 
all  variants  of  the  method  of  numerical  integration  are  based  on  the 
use  of  such  differences. 

The  principal  variants  of  the  method  of  numerical  integration 
are  discussed  in  the  book  by  Academician  A . N . Krylov.  ’Lectures  on 
Approximate  Computations”.  _ 4 

Fundamental  information  on  the  theory  of  finite  differences  and 
on  the  technical  features  of  their  application  to  the  engineering  of 
artillery  may  be  found  in  the  book  by  Professor  G.V.  Oppokov,  "Numerical 
Analysis  Applied  to  the  Science  of  Artillery”.  _ 5 

Internal  ballistics  is  an  applied  science  possessing  a 
perfectly  definite  technical  content  (the  study  of  the  motion  of 

a projectile  in  the  bore  of  a gun  and  of  the  laws  of  burning  of  powder) 

STAT 
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and  a perfectly  well-defined  technical  objective:  the  creation  of 
means  for  plotting  the  curve  of  the  speed  of  the  projectile  in  the 
bore  and  for  plotting  the  curve  of  the  pressure  of  the  powder 
gases  in  the  bore  as  functions  of  the  path  of  the  projectile  and 
of  t i ae . 

These  curves  can  be  plotted  after  obtaining  suitable  tabulations 
giving  the  functional  relation  between  the  various  variable 
quantities  participating  in  the  phenomenon  of  a shot.  The  necessary 
tabulations  are  obtained  by  analyzing  primary  experimental  data  and 
those  formulas  which,  in  their  simplest  form,  express  the  relation 
existing  between  the  initial  variable  quantities. 

The  use  of  numerical  analysis  constitutes  the  subject  treated 
in  this  section  of  the  book.  The  essence  of  numerical  analysis, 
its  specific  features  and  its  principal  operations  will  also  be 
considered  here  in  the  proper  degree. 

CHAPTER  1 - NUMERICAL  INTEGRATION  BY  F I N I TE  D I FEE RE KCE S 

(Written  by  Professor  G. V.  Oppokov) 

1.  APPLICATION  OF  NUMERICAL  INTEGRATION  TO  THE  DETERMINATION 
OF  FUNCTIONS 

U Concept  o f Tabular  Func t i o ns 
That  variable  function  whose  numerical  values  can  be  chosen 
arbitrarily  is  usually  designated  as  the  argument  or  as  the 
independent  variable  quantity.  The  remaining  variable  quantities 
taking  part  in  the  process  under  consideration  are  then  designated 
as  functions. 

Let  us  assume  that  a certain  independent  variable  quantity  takes 
on  a series  of  particular  values: 


614 
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Xo’  Xl’  X2’ " ' ’ X1 *c 


which  are  separated  from  one  another  by  invariable  equal  intervals, 
so  that: 


xi  - X0  - x2  - X1 


l • 1 


x «... - x - x . - h . 
i n n-1 


This  interval  is  called  the  step  of  the  argument  and  is 
designated  by  h. 

In  addition  to  the  step  h,  the  limits  of  the  region  x(j  and  xn 
must  be  stated  in  the  form  of  finite  numerical  values. 

Cases  in  which  the  step  h is  variable,  or  in  which  the  variable 
x assumes  infinitely  large  values  in  the  region  under  consideration 
from  Xq  to  xn,  including  the  limits  of  the  region  themselves,  are 
not  considered  at  all. 

Furthermore,  lot  some  other  variable  quantity  y also  assume 
a series  of  particular  values: 


V yi-  V 


rl ' 


each  of  these  particular  values  corresponding  to  one  of  the  particular 
values  of  the  argument  x,  so  that  it  is  always  true  that: 


Uxt), 


where : 
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It  fono.s  that  the  functional  relation  between  the  variables 
and  x is  established  in  the  form  of  a tabulation. 

An  example  of  such  a relation  is  presented  in  Table  4. 

Table  4 - Pressure  C^^ag^FjiDCUon^ojJ^ ^ 

o I 4 1 8 1 12  ! 16  i lsT  20  21  22  , 23  23.5  24j24.5 


21  23  26  32  48  63  88  |l05  128  175  223  274  330 


I i _ _ .jo  *}  u c.  i ') v,  Oy  5 0i30.5  30. 75  1 I 

t-103  sec  25.5  26  26 . 5 j 27 . 0 27 . 5 28  28.5,  2,  -0.5  J 

p 466  546  636  j 7 3 i-  !857  090  1 137  1312  1516  1743|ly83  2097,2175  ; 

cb"  1 i i i i 

ThlB  table  .s  the  result  of  analyse  of  experimental  data 
obtained  by  burning  in  a bomb  a weighed  sample  of  strip  powder  grade 
SP  (1  x 18  x 40  mm)  at  A-  0.201.  The  values  of  t were  chosen  when 
evaluating  the  experimental  data,  so  that  t is  the  argument:  the 
values  of  pressure  p -ere  taken  from  the  experimental  curve  for  the 
chosen  values  of  t.  Consequently,  the  pressure  of  the  powder  gases 
IS  a function  of  the  ti*e  t- 

Use  has  been  made  in  Table  4 of  the  so-called  vertical  notation, 
which  we  sh.ll  adopt  henceforth.  In  this  notation  the  particular 
values  of  each  of  the  variable  quantities  are  invariably  placed  in 
one  row.  while  each  column  contains  one  particular  value  of  each  of 
these  variables.  This  notation  is  found  to  be  most  convenient  for 
the  various  operations  to  which  the  functions  stated  by  the 

tabulation  are  subjected. 

2)  Finite  Pifferences  of  Various  Orders^ 

Once  a function  has  been  given  in  table  form,  it  is  not  difficult 
to  find  the  so-called  finite  differences  of  this  function  or.  more 
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These  new  differences  are  now  called  differences  of  the  second 
order,  or  second  differences. 


From 

the 

second 

d x f fere 

uces 

It  is 

a Iso 

poss  i bl< 

? to 

compute  in 

a si 

mi  1 a r 

manner  the 

third  d 

i f f e re  nces  : 

AX 

o 

- A-Pl 

- 

- 5 

) 

- 3 - 

2 

- A~P2 

- A~P 

i - 8 

- 5 - 

3 

A3p2 

„ o 

- a-p3 

- A2P. 

2 “ 8 

- 8 - 

0 

foil 

owed 

by  the  four 

t h d l f f e 

re  ncei 

s , etc 

Ge 

ncral  1 y 

, by 

de  f i n 1 1 ion 

the 

kth  d 

ifference  e 

qua  Is  : 

Ak 

A k- 

»i  _ A 

1 

yLl 

- Ak‘ 

1 

Ji- 

Ru le 

. In 

forau 1 

at ing  a 

table 

of  d i 

ff  e re 

nces,  t 

he  number  at 

the 

left 

■us  t 

be  sub 

t rac ted 

f rom 

the  nu 

mber 

at  the 

r igh' 

t : n the 

same 

? row , 

and 

the  re 

suit  rec 

orded 

in  the  nej 

:t  lower 

row 

under  the 

number  at 

the 

left. 

It  is  useful  to  point  out  that  in  following  this  rule  the 
differences  with  the  Base  subscript  (the  function  itself  also  being 
considered  as  a zero  order  difference)  are  autoaatically  recorded 
in  one  and  the  same  column. 
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A2y,  - y i-t2  - " y i 


The  same  procedure  c 


also  be  applied  to  differences  of  higher 


orders . 


2.  A constant  nu.ber  can  be  taken  outside  the  difference  symbol 
conversely,  can  be  brought  inside  this  difference 


of  any  order  and 
s ymbo  1 . 

Let  : 


y - c 


fix). 


where  c is  a cons 
differences,  wc  have: 


tant  number.  On  the  basis  of  the  definition  of 


A y - C 


- c-f (X  • h)  - C- f (X)  - C- 


f<x  • h)  - ftx)_  - c • A f t x ) - 


1 hue , 

A J C • f ( X ) _ * - c * A f ( X ) . 

By  rewriting  this  relation  from  right  to  left,  we  obtain. 

cAf  (x)  - A /“cf  (x)_7. 


This  is  » mathematical  formulation  of  the  second  part  of  the 

assertion  under  consideration. 

3.  For  an  entire  function  of  the  k‘h  degree: 


620 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


y - Ag(x  - xi)k  t A X(x  - xi)k'1  Ak  l(x  - x^  Ak  ; 


the  differences  are  identical. 

Let  us  confine  ourselves  to  the  case  < f k - 2,  so  that: 


y - A ( x - x ) A . ( x - x ) • A 

u 1 i i J 


Taking: 


xi- 1 

“ X 

l 

- h ; 

X1  *2 

xi 

* 2h 

3 

“ X 

1 

* 3h 

we  obtain  f rom  the  formula  for  the  entire  function: 


yi  " 

A2  ; 

A>i  - >i-i  - y 

l - 1 

l 

> 

o 

sr 

to 

V * V 

Ayi-1  ■ y i - 2 - 

i^2 

- 4A0b2 

4 2\h  • A2 ’ 

Ay-2  ’ >1+3  * 

i^3 

2 

- 9A0h 

i 3Ajh  • A2  : 

i-l  - 3A0h2 


- 5A0h 


A,  h : 


Alh: 


and  finally: 


" Ayi  + 1 - Ayi  “ 2A0h2  • 


n+i  " A>i+2  • Ayi+i  ■ 2Aoh 
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A 


The  coefficients  for  an  entire  third  degree  function  can  be  found 


in  a similar  manner: 


Ao  - 


6h~ 


. 2 *3 

A - A 

2h2 


- 


6Ay  ^ - 3A“y1  ♦ 2a  yl 


6h 


These  coefficients  will  be  needed  subsequently  for  deriving  the 
formula  of  the  interpolation  function.  It  is  of  interest  to  note  the 
fact  that  the  coefficients  of  the  entire  function  are  here  expressed 
in  terms  of  differences  with  the  same  subscript  i. 

The  same  method  may  be  used  to  determine  these  coefficients 
in  terms  of  differences  with  different  subscripts.  Thus,  for 


example,  by  taking  tj.  t^j,  *i-2’  li-3  'ln8teacl 


S*!’  ti-2* 


t , 

l +3 


re  shall  find  the  following  relations: 


A0 


a3>’1-3 

6h3 


A2y 


i -2 


2h 


6Ay 


3/Ty 


i-2 


2A3y 


6h 


These  relations,  which  the  reader  himself  will  be  able  to  derive 
directly  by  using  the  same  Method,  will  find  an  application 
in  the  derivation  of  working  formulas  for  the  numerical  integration 
of  equations. 

5)  The  Practical  Value  of  Differences. 

Differences  are  employed  for  the  following  purposes:  STAT 

a)  Determination  of  Intermediate  values  of  a function. 
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b)  Computation  of  intermediate  values  of  the  argument. 

c)  Factual  determination  of  derivatives  of  various  orders  of 
a function. 

d)  Determination  of  definite  integrals. 

e)  Numerical  integration  of  ordinary  differential  equations. 

The  universal  character  of  these  differences  used  in  the 

operations  enumerated  above  is  reflected  in  the  fact  that  it  is 
perfectly  immaterial  whether  the  function  has  been  stated  in  the 
form  of  a tabulation,  a diagram,  or  a formula. 

It  has  already  been  established  that  the  difference  of  an 

entire  function  of  the  kth  degree  is  constant.  It  is  not  difficult 
to  show  that,  conversely,  if  the  differences  of  the  k*-*1  order  of 
a certain  function  are  constant,  the  latter  is  an  entire  function 
of  the  kth  degree. 

This  proposition  constitutes  the  cornerstone  of  the  utilization 
of  differences  in  all  of  the  operations  indicated  above,  for  the 
following  reason.  If  the  formulation  of  the  table  of  differences  of 
a certain  function  shows  that  the  kth  differences  are  almost  constant, 
we  have  the  right  to  replace  our  function  by  an  entire  function  of 
the  kth  degree  and  then  subject  the  latter  function  to  all  the 
necessary  operations. 

It  is  this  entire  function  which  is  designated  as  the  interpolation 
function.  A general  expression  for  it  must  be  derived.  When  k - 3, 
we  have  : 


~ 2 

- Aq(x  - x ^ ^ + Aj(x  - x±)  * A2(x  ~ 


4 Ao  ♦ 
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Let  us  introduce  such  a variable  l that; 


» Eh. 


.here  h is  the  step.  Then: 


Th„  t .»»'•>  <->—»>  - ...<-.<»*>'-• 

...  o,  *-  *“ 

«0.  ...  *3 

..  4,  ...  .....  — ■ >“  ' — ■ - ,B" 

function  as  follows: 


y - 


*3yH3  . *2y‘ 


6Ay 


3&2yl  ♦ 2A  y* 


or.  finally,  after  regrouping  the  terms: 


( 105) 


The  interpolation  function  is  thus  found  to  be  expressed  in 
terM  of  differences  of  the  given  function  up  to  and  including  those 
of  the  third  order,  with  all  these  difference,  having  one  and  the 

save  subscript.  . . . lt 

In  replacing  an,  function  (regardless  of  the  s.nner  in 

this  interpolation  function,  it  is  categorically 
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imperative  to  direct  attention,  on  the  basis  of  the  table  of 
differences  of  the  given  function,  to  the  character  of  the  variation 
of  these  differences;  It  is  necessary,  and  triply  necessary,  that 
the  kth  differences  be  nearly  constant. 

Obviously  this  condition  .ill  bo  satisfied  the  better  the  smaller 

the  absolute  values  of  the  differences  of  any  order. 

Rule.  In  order  to  reduce  the  differences  of  any  order,  the 

step  must  be  reduced. 

This  rule  results  from  the  following  relation: 


Ak  „(k) 

A y - y 


hk(y,k’ 


t ) , 


.here  y(k>  is  the  kth-order  derivative  of  x.  and  t is  an  infinitely 
small  quantity  of  the  highest  order.  The  relation  itself,  -hich 
is  derived  at  the  proper  stage  of  the  differential  computation, 
represents  a generalization  of  the  better-kno.n  relation  bct.een 
the  increment  of  a function  and  its  differential: 

Ay  - d y * hi 

or  : 

Ay  - y ’h  ♦ h £ - h(y  ’ * t)  . 

Thus,  as  the  step  is  halved,  the  first  differences  decrease 
approximately  by  a factor  of  t.o,  the  second  differences  decrease 
by  a factor  of  four,  and  the  third  differences  decrease  by  a factor 

of  eight. 
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6)  Deteraina t ion  of  Intermediate  Values  of  a Given  Fu  net  ion. 

To  determine  the  intermediate  values  of  a given  function, 
regardless  of  how  it  is  stated,  it  is  necessary  to  formulate  a 
table  of  differences  of  this  function  and,  having  made  certain 
that  the  second  differences  are  constant  or  are  very  small  in 
comparison  with  the  particular  values  of  the  function  itsell,  replace 
it  by  an  entire  function  of  the  second  degree,  i.e.,  by  an  interpolation 
fu action  (105): 


y - y, 


5 • Ay.  - 5(1  - 5 > A~  y i . 


( 106) 


where  y designates  the  tabular  value  of  the  given  function 
corresponding  to  the  next  smaller  value  of  the  argument  nearest 
to  that  value  of  x for  which  the  intermediate  value  of  the  function 
is  sought. 

Knowing  the  intermediate  value  of  x for  which  the  intermediate 
value  of  the  given  function  is  sought,  and  having  obtained  from  the 
table  of  differences  of  this  function  the  nearest  value  of  we 

can  determine  the  value  of  the  coefficient  of  Interpolation  £ and 
the  unknown  value  of  y by  means  of  formula  (106). 

Example  1.  Given  the  following  table  of  pressure  impulses: 

Table  4-c 


' 71 

t*103  ! 20 

21 

22 

I 71.0 

80.6 

92. 1 

STAT 
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r~~ 


inverse  interpolation. 

Then,  discarding  the  last  term  in  formula  (106),  we  obtain  as 
a first  approximation: 


5.  - 


y - >\ 


1 Ayx 


As  a second  appro 
(106) : 

^ - 


ximation.  we  find  for  S from  the  same  formula 


>•  - y. 


Ay 


1 *.  2 

- JL  ( 1 - X ) A y 

l 2 1 


Let  us  assume  i 


n the  right-hand  side  of  the  above  expression 


^ - 'g  then  in  the  second  approximation: 


^ 2 


y - y* 


Ayt  - ^>1  - 


where  is  already  known  from  the  first  approximation. 

Sometimes  the  following  expression  is  used  as  the  third 
a pprox 1 aa t ion : 


*3" 


y - y i 


k,i  - -L<1  - + |u  - l2>(2  - VA  yi 
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Thi.  ...  - "Pr”*10" 
5.  in  «H«  •> 

parentheses,  determining  s, 

from  the  second  approximation. 


t - % known 
* 2 


The  desired  value  of  x *111  be: 


- x < l 0h  or  X - X1 


Examp 


le  2.  We  have 


the  following  table  for  the  relative 


portion  ° 


f the  charge: 


Table  JL-e  . 

— .. 

r~ n 

i ~ 

t,103 

20  2 1 

22  I 



'V 

0.034  j 0.042 

L J- — 

0.054  j 

It  is  desired  to  find  the  va 


lue  of  t corresponding  to  the  inflow 


UUlt- 

20 

21 

22 

0.034 

0 . 042 

u . 0 54 

I A S'  ' 

0 . 008  1 

0 . 012 

U2- 

0 . 004 

We  obtain  as  a first  approximation: 

^ 0.038  - 0.034  ^ 

r - 1 - — ' - ” 9 * 


AvVi 


0.008 


We  find  as  a 


second  approximation. 
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The  desired  value  of  the  argument  is: 


t _ t * £ - 0.020  * u.  556(0. 024  - 0.023)  - 0.020556. 

8 ) N umencal  Pi  f fere  nt  la  lion  of  Functions. 

For  this  operation  it  is  necessary,  first  of  all,  to  formulate 
a table  of  differences  of  the  given  function  and  to  make  absolutely 
certain  that  the  differences  of  the  third  order  are  nearly  constant. 
This  fact  makes  it  possible  to  replace  the  given  function  (regardless 
of  the  manner  in  which  it  is  stated)  by  the  interpolation  function 
( 105) : 

y - * E Ayi  - -U<1  * OA2yt  - -U<  1 - 5X2  - l)A3yr 


From  this  we  find  the  desired  derivative: 


dy 

dx 


« “ri 


J.  [21  - ii-UV  , i ,2 


dx  dx 


« - 65  -Si 

dx  dx 


35  j-  A v 

dx  * 
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We  place  the  derivative  outside  the  parentheses: 


dy 

dx 

- Ill 

dx 

Ayi  + 

— (2^  - im2y,  • 
2 1 

— (2  - 6%  ■ 
6 

352)A3yi 

But 

Therefore,  finally: 


1 \ o i 1 _ 2 


Such  is  the  general  working  formula  for  numerical  differentiation 
by  aeans  of  differences  of  the  given  function.  It  permits  finding 
the  value  of  the  derivative  at  any  value  of  the  independent  variable  x 


dy  _ 
dx  h 

Afi  - 4*2yi  + 

• 

L - 1 

This  relation  per.lt.  determining  the  derivative  only  for  those 
value,  of  the  argu-ent  which  appear  in  the  table  of  differences  of 
the  given  function  (i.e.,  for  l-  0),  by  applying  the  subscript  i 

successively  to  each  column  of  this  table. 
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f 

ft 

If 


1:1 


If  the  step  h is  not  a prime  number  (for  example.  , the 

738 

constant  h may  be  introduced  under  the  sign  of  the  difference  of 
any  desired  order.  Therefore,  upon  introducing  into  the  process 
the  auxiliary  function: 

♦ - 

h 


we  obtain 


a y ; A 

l h J i 3 


1 a2  1 3 

h * i h " yi 


and  the  working  formula  for  numerical  differentiation  acquires  its 
final  f orm : 


sz-  1 -AO  - — a2*  - J-A3*  . 


(-  ),  - 


3 l 


Example  3.  We  have  the  following  table  for  the  relative  portion 
of  the  charge: 


t.  103 

21 

21.5 

22.0 

22.5 

H' ' i°3 

L i 

42 

47 

54 

64 

It  is  desired  to  find  the  rate  of  gas  formation  — at  the  instant 

d t 

t - 0.0210. 

Solution.  Let  us  formulate  the  following  table  of  differences: 
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t . i o3  - o 1 a nd  vV . • 1 03  - 42  , it 
Since  the  given  values  are  t^  1 “ i 

fol lows  that : 


A(^.103)  - 5;  ,2K'io3)  - 2;  *3<"Vlo3)  - 1 


The  first  of  the  working  formulas  for  the  derivative 

„ t m c formation 


The  first  oi  

....  „ to  .H.  — »<  «■• 


(h 


0.5-  10*3)  : 


d ('V*  1 0 ) l 

T 


dt 


M^-103,  - ^*^*103)  * TA3(^1103 


fro*  which: 


12L 

dt 


.5^1-8  -i-- 

0.5  sec 


t-0.021 

9)  <-rr,>Mnn  of  Peflnlte  lntesr-a— - 
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Fig.  152  - Determ 


mation  of  l ydx 


as  a function  of  x from  the 


If  it  i s necessa 


curve  y • f(x)- 

r y to  find  any  definite  integral 


ydx  , 


«... « ......  o, - - » •»  hi-  7;  ,hich 

..  co.p—  — **“*"  - h „ 

«», « * --  ~ a 

... . — • - — - «*•  - ’■  “• 

..  .«  — •«  “ ■ *’  — “ 

divided  into  n equal  portions,  lines  normal  to  the  O x axis 

then  erected  at  the  point.  •,  aivislon.  and  the  unKnovn  area 
divided  into  ele.cnt.rj  areas: 


At,  , • • • , 


AY 


n- 1 


Tbe  problem  is  then  reduced  to  the  deter.ination  of  these 
elementary  areas.  *>r  this  purpose  it  is  — to  replace  the 
portion  of  the  curve  ff«t>  correspond^  to  the  elementary  are.£ 
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Ay^  by  a 


cubic  parabola,  keeping  in  mind  that: 


li  + l 


ydx . 


This  replacement  is  accomplished  b>  mt.ans 
function: 


of  the  interpolation 


y - y j - E ‘Ay^  - -t*<l  ~ *i  ' “6l(1  ' 5,12  ' 5 >A  V 


whe  re 


so  that: 


dx  - hdT ; 


Consequently,  after  replacing  the  variables,  -e  have: 


A Y 


i-  ( 


yt  - E -^y, 


- -L  5(1  - 5 )A2y.  • 4-5(1  - 5)(2  - i )A  yt 


d*. 


SHI:: 


We  integrate  the  right-hand  side  of  this  relation  keeping  in 
.ind  the  fact  that  y,.  A,t.  and  A3yt,  being  particular  values 

corresponding  differences,  are  constant  numbers:  ^ 


of  the 


„ 1 /e2  ?3\  2 1 

“ b I yiS  + '2?  ’Ayi  t(t  " ~3  J 7i  6 


2 3 ?4\  3 

* *3  * T A yi 
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fro»  Which,  after  substituting  the  extre-e  values  of  we  obtain: 


AY. 


L 


This  is  the  working  for.ula  employed  in  find.ng  a definite 
integral  by  the  method  of  numerical  integration. 

To  determine  the  unknown  Integra!,  it  remains  necessary 

to  sunoatc  gradually  and  sue 
areas  : 


jccessivt-ly  the  individual  elementary 


Vx  - v0  • 


v - y * AY,  ; 
*2  1 1 


V,  - Vl  • AYi-i; 


E xamjple 
integrated : 


vn-  V!  ^Vr 

.pie  4.  We  have  the  following  table  for  a function  to  be 


t- 103 

8 

— i 

Li3-! 

i 

20 

-2 

P,  z 

26 

32 

48 

88 

lt  i.  desired  to  find  the  ele.ent.ry  areaAl,,  the  subscript  i being 
applied  to  the  first  colu.n. 

Solution.  bet  us  for^late  the  following  table  of  differences: 


t- 103 

__ — . 

8 

tr 

12 

16 

20 

n 

26 

3J2 

46 

88 

r 

AP 

6 

| 16 

40 

STAT 


637 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Table  4-j  (Cont’d.) 


h - 4- l o ” , y 


. -26;  Ay,  - 6;  A2,,  - 10;  A3y,  - 14. 


the  elementary  area  under  consideration  will  be: 


AY,  - h(y,  • -JAyl  ' ^2yi  ' 24AJyi 


I 


- 4-  10“3  ( 26  » 3 


12  24 


. 11  \ ~ 4- 10~3(26  * 3 - 1 * 1 ) — 


~4*10“J*29~  0.116  kg  • se 


c • cm-2  ~ 11.6  kgsec-di 


10)  De t e rmlnation  of  Pressure  Impulse^  fjlgjlLA-P-1*0 s su r - 

BoiibJTesJ^ 

As  is  already  known  fro.  the  preceding  course  In  internal 
illlstics.  the  pressure  Impulse  is  expressed  by  the  following  relation 

I - f pdt . 


It  is  clear  that  in  order  to  determine  it  from  a bomb  test 
yielding  directly  the  (p.  t)  curwe,  it  is  necessary  to  compute  a 
definite  integral,  for  which  the  pressure  of  the  powder  gases  p i. 
the  function  being  integrated  and  the  time  t is  the  independent 
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The  computations  in  Table  5 are  conducted  in  rows,  proceeding 
from  left  to  right  in  each  row  and  downward  from  one  row  to  the 
next,  in  the  following  manner. 

3 

1)  The  first  row  is  filled  with  values  of  the  argument,  t*10  . 

2)  The  numbers  for  the  pressure  are  taken  from  Table  4 (page 

616)  . 

3)  From  each  number  in  the  second  row  there  is  subtracted 
the  preceding  number  in  the  same  row,  and  the  result  is  written 
under  the  left-hand  number  of  ihis  pair: 

23  - 21  - 2;  26  - 23  - 3;  etc. 

4)  The  numbers  in  the  fourth  row  are  obtained  in  the  same 
manner  as  in  the  preceding  row: 

3-2—  1;  6 -3—3;  etc. 

5)  The  numbers  of  the  second  row  are  repeated. 

6)  The  numbers  in  the  third  row  are  halved. 

7)  The  numbers  in  the  fourth  row  fc.*e  divided  by  12  and  written 
with  the  opposite  sign. 

8)  The  numbers  in  the  three  preceding  rows  are  added. 

9)  The  numbers  in  the  eighth  row  are  multiplied  by  the  step  h, 
the  decimal  point  being  correctly  placed  (cf.  Example  4)  to  convert 
kg-sec-cm“2  into  kg* sec* dm~2 . 

10)  To  obtain  the  next  succeeding  value  of  I , it  is  necessary 
to  add  to  the  preceding  value  of  the  corresponding  increment 

Ali-l 

- *i-i  + 
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» - **•  *-  *“ 

or.  in  other  preceding  colu.n; 

ninth  and  tenth  row  o 


0 + 8.8  - 8.8; 

8.8  ♦ 10.0  - 18.8, etc. 


I kgsec*d» 


vy  • 10' 


« inflow  vy  and  the  pressure 
- the  gas  1UW  ^ 

By  taking  the  valuea  ln8lants  t.  it  is  easy  to 

— 1 corresponding  to  - ^ f ^ ^(ef.  Table  8, 
obtain  the  desired  corr  j and  'V  Jor  Test 

„ Porrolation  he i I 

81  saT 

.1  . » •'  22 


-2 


71 

34 


^ II7T  12a 


'V  • 10 


221  I 260  304  1^354  \_* L - • - - *** 


•*  tbe 

- Table  8 ,iii  - needed  snhse^ntl,  _ Qf  the  curves 

principal  proble.  of  ^ ^ thc  pressure  o«  the  poeder 

for  the  -Peed  of  the  Pr0jec  ^ ^ ^ Thl.  8oluiion 

gases  a.  a function  of  the  P»  ^ ^ nece88ar>.  theory,  -hich  sill 

sust  be  prepared  by  a discus. 

be  undertaken  in  the  neat  8CCtl°“‘  D1FFEHKirriAL  EQUATIONS 

2.  NUMERICAL  1NTE0RAT  rlr8t-Order  Equation 

11)  numerical  Intef 

LLL— its  general  for»: 

fe  bare  such  an  equation  in  it. 


F(y . y’«  x)  " °- 
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It  18  eo.po.ea  or  the  flowing  ele.ents:  the  .naepe.aent 
iable  x the  UBK„o.D  function  y.  ana  Its  first  derivative  y - 
variable  x,  to  deter.ine  this  derivative  fro. 

It  i»  necessary » fir 

the  general  equation: 

y*  - f(y,  *>• 

It  is  thl.  equation  whtch  t.  solved  by  the  -ethod  of  nu.er.cal 
t a/l  regardless  of  the  for.  of  the  function  which  con.tttute. 
"llht-hlnd  side.  in  practice,  vhat  is  usually  found  ts  not 

t , integral  tf  the  last  equation  (in  whtch  case,  of  course. 

the  l/al  integration  cannot  be  e.ployed).  but.  rather,  a parttal 
nuserlcal  ncccssary  to  indicate  the 

1 ntegra 1 . » consequence  of  lB  addition, 

.•initial  conditions-.  1.-.  the  values  of  ,0  0 

, of  x at  the  end  of  the  finite  region  of  integration 
Ihe  value  of  *„  deslred  be : 

also  be  known.  Under  these  conditions 

’ dx 


n 

-f 


f(y,  x)dX. 


........  — 
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It  would  seem  that,  as  on  the  previous  occasion  involving  the  finding 
of  a definite  integral,  it  might  be  possible  to  perform  computations 
by  rows  and  to  make  use  of  a working  formula  containing  differences 
of  an  auxiliary  function  with  the  same  subscript  i.  In  actual 
practice,  however,  this  procedure  cannot  be  adopted.  As  a matter 
of  fact,  the  last  formula  shows  that  the  function  to  be  integrated 
includes  the  original  function  itself,  and  we  thus  obtain  a "vicious 
circle;"  in  order  to  determine  the  particular  value  yl  of  the  function, 
we  must  know  the  particular  value  4*  1 » and  in  order  to  determine 
this  particular  value  of  the  auxiliary  function: 


i 


* x ~ xi,h 

must  have  the  value  of  y^  which  is  a constituent  of  the  auxiliary 
function. 

It  is  now  clear  that  in  performing  numerical  integration  of  the 
equations  it  is  not  possible  to  perform  computations  by  rows,  it 
being  necessary  instead  to  proceed  gradually,  step  by  step,  performing 
the  required  computations  downward  along  each  column  and  to  the 
right  from  one  column  to  the  next. 

Let  us  further  assume  that  the  values  **i-l  an<i  ^i 

of  the  auxiliary  function  have  already  been  found.  With  their  aid 
it  is  possible  to  compute  the  following  differences. 
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Table 

6-a . 

1 

* 

*1-3 

*i-2 

*1-1  ^ 

A* 

i-3 

*1-1 

A2*  ! 

A2*i_3 

9. 

h i-2 

| 

A3* 

a 3+!-3 

L 

i 

Tb.  .bo..  «.bl.  .bo-  >»*'  >"  *° 

to  -ob.  o.o  • * >“  * ‘ 


integrals : 


r,  -♦.  * V*i  - A*’** 


1 .3. 

24  A *»' 


* 


. .2  and  ^3*  are  not  yet  contained 

because  the  differences  A* , . A and  A *1 

becoses  necessary  to  derive  an 
in  the  table.  Consequently.  H becose 

additional  for.ula  containing  the  differences: 


i lready  contained  in  the  table. 

as  on  the  previous  occasion,  wc  shall  replace 
For  this  purpose,  as  on  lh  p 


the  function  to  be  integrated.  y' 
interpolation  function: 


- f(y,  x) , by  the  following 


y ' - Vx  ‘ Xl 


)J  1 A.(x  - *i 


> + A„(x  - xt 


/ + t 


and  then: 
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§ Ayi  * 


ci+l  i+1  o 

f . f t — a (x  . x.)3  + Ai (x  - xA)2  + A2(x  - xt 

f f(y,  x)dx  - l /.  A0ix  1 


) + A3_7dx  ~ 


ci  + l 


- ^A0(x  - *,> 


A 1 ,3  , 1 A (X  > X )2  ^ Ao  ( x - X ) 

4 4 JLa^x  ' V "iA2(  1 3 


thence 


because 


7 V4  • T *>-3  • W’  ' *’"• 


x - x - h . 
x i * 1 l 


in  contrast  with  the  preceding  case,  we  sha 


11  substitute  here 


the  following  values 


for  the  coefficients: 


3 . 


A y 


- 


i-3  . 


* y'i-2  * A yi~3. 


’«  6h3  1 2h" 

6^,1  ♦ 3*2yi-l  + 2&3yi^3.  a3  . y', 

6h 


.ilcb ...  » — •«  ««•"—  - - 1 “”d" 

- <•  *“b  «“ 

MMW  •«!— 
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1 5 2 , . _3_.3  * \ 

+ ~2Ayi-i  4 i2A  y*-2  8A  1-3 


It  is  usually  convenient  to  make  use  of  the  following  auxiliary 
function : 

$ - hy 1 , 


the  derivative  y’  being  computed  in  acco 

y ’ - f U,  y)  - 


rdance  with  the  given  equation: 


Then  : 


hy.-4.j-,  hAy^  hA2y;_2  -a2*1-2:  h^3yi-3  " A *i-3’ 

and  the  working  fonmila  for  the  nu.erical  integration  of  ordinary 
differential  equations  of  the  first  order  -ill  assuse  the  following 

form : 


+ T**i-1  4 ^*‘-2  4 8a3*1-3’ 


This  formila  no-  include-  differences  of  the  auxiliary  function  ♦ 
provided  with  precisely  those  -ub-cripts  which  are  required  in 
accordance  with  the  table  of  difference  presented  above. 

It  -ill  be  seen  fro-  the  -a~  table  that  in  order  to  determine 
t>,  it  beco.es  necessary  to  take  difference-  fro.  different  columns, 
Jib,  of  course,  is  inconvenient.  For  this  reason  it  is  desirable 
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to  modify  the  system  of  writing  the  differences  in  such  a manner  as 
to  have  in  the  same  column  differences  with  different  subscripts. 


namely : 


in  such  a procedure  each  column  will  contain  those  differences 
.hich  are  necessary  for  the  application  of  the  new  working  formula 
for  numerical  integration. 

Rule  for  wrltlng^>ew_difference«^  From  the  right-hand  number 
in  a row  there  is  subtracted  the  left-hand  number  in  the  same  row, 
but  the  result  is  written  under  the  right-band  number. 

Finally,  fro.  the  last  table  of  differences  there  follows  the 
most  disagreeable  characteristic  feature  of  the  numerical  Integration 
of  equations:  in  order  to  determine  Ay,,  it  is  necessary  to  know  the 
differences : 


A* 


i-1’ 


A2* 1-2' 


A ♦ 


i -3  * 


i.e.,  to  have  the  following  particular  values  of  the  function: 

*1_1»  *i-2’  *i-3‘ 

These  will  become  known  in  the  course  of  the  process;  but  at 
the  start  of  the  Integration  only  one  particular  value  of  this  function 
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namely  $Q,  is  known  from  the 
In  order  to  find 


originally  stated  equation  for  y*. 


* 


It  is  necessary  to  employ  special  supplementary  methods,  of  which 
the  most  commonly  used  is  the  method  cf  successive  approximations. 

The  essence  of  this  method  resides  in  the  fact  that,  at  the  start 
of  the  computations,  there  is  adopted  a gradual  and  stepwise  advance, 
each  new  approximation  permitting  one  additional  step,  in  which 
those  differences  that  have  already  appeared  earlier  are  utilized. 
There  exist  several  variants  « f this  method,  one  of  which,  the 
most  exact  one,  can  be  best  studied  by  the  aid  of  a concrete  example. 

Example  6.  Solve  by  the  method  of  numerical  integration  the 


equat ion : 


y ’ - x - y 


over  the  interval  u;  0.5,  with  a step  of  h - u.l.  xt  y - 1 when 
x - 0 . 

Solution.  All  the  computations  are  presented  in  Table  7. 
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namely  4q>  - — the  -iginally  stated  equatxon  f or  y ' - 

In  order  to  find 


$ 


-1’ 


r -2’ 


it  is  necessary  to  employ  special  supplementary  methods, 
the  »st  commonly  used  is  the  method  d successxve 

The  essence  of  this  method  resxdes  in  the  fact  that,  at  the  start 
of  the  computations,  there  is  adopted  a graduai  and  step.tse  advance, 
each  new  approximation  permitting  one  additional  step,  m -hich 
those  differences  that  have  already  appeared  earlier  are  utxlxzed. 
There  exist  several  variants  cf  this  method,  one  of  -hich,  the 
•oat  exact  one.  can  he  heat  studied  hy  the  .id  of  a concrete  example. 
Example  6.  Solve  hy  the  method  of  numerical  integrate  the 

equa t ion : 

y ’ - x - y 

i n • o 5 with  a step  of  h * 0.1,  if  J ” ^ when 
oyer  the  interval  O;  0.5,  tun  F 

Solution.  AH  the  computations  are  presented  in  Table  7. 
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■lysr- 


T~ 


namely  is  ^nown 


from  the  originally  stated  equation  lor  y' 


In  order  to  find 


$ 


-2  ’ 


' -3 


lt  is  necessary  to  e.ploy  special  supple.entary  -ethods.  oi  -hlch 
the  «,.t  co— — only  used  is  the  -ethod  cf  successive  approxi.at ions. 

The  essence  cl  this  -ethod  resides  in  the  fact  that,  at  the  start 
of  the  conputations.  there  is  adopted  a graduai  and  stepwise  advance, 
each  ne.  approxi.at ion  per.itting  one  additionai  step,  in  -Mch 
those  differences  that  have  aiready  appeared  eariier  are  utilized. 
There  exist  several  variants  if  this  -ethod.  one  of  which,  the 
.ost  exact  one.  can  he  host  studied  by  the  aid  of  a concrete  exa.ple. 
Kxa.ple  6.  Solve  by  the  -ethod  of  nu-erlcal  integration  the 

equat ion : 

y'  - * - y 

i n-  n S with  a step  of  h “ 0.1.  if  y " ^ when 
over  the  interval  0;  0.5,  with  v 

SoTution.  All  the  co-putatlons  are  presented  in  Table  7. 
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2)  -y  - -0.9000  in  accordance  with  the  thirteenth 

3)  y^-  -0.8000;  in  accordance  with  the  given  equation  for  y 

.e  add  the  numbers  in  the  first  and  second  rows  of  this  - 

4)  - -0.0800;  the  number  in  the  third  row  is  sultiplied 

by  the  step  h - 0.1.  _ 200,  for  which 

Thus  a number  appears  in  the  fifth  row,  A*0 
,e  subtract  from  the  number  (-0.0800)  in  the  fourth  row  above  t e 
number  (-,.0000)  at  the  ieft  in  the  same  row,  omitting  the  veros 
at  the  left  for  greater  convenience. 

Wedge  of  First  Approximating-! 

•*  ■ - ’ 

. i.«.  i°  •»<*>*  “■  ” ‘h** 


A*_i  “A4>0  “ 20°* 

Second  Approximation 


First  Column. 

m 1 . 1)X  - 0 . 

13)  Leading  row:  A*  0 

filled,  as  this  is  no  longer 

The  second  and  third  rows  are 

. first  approximation).  Ihen: 

noressary  (cf.  first  column  of  first  app 

the  same  row  of  the  first  approximation. 
4)  4 - -0.1L00,  as  in  the  same  ro 

Omitting  the  fifth,  sixth,  and  seventh  rows,  we  write: 

8)  * . -0.1000;  the  number  in  the  fourth  row  is  repeated. 

9)  -La*  1 - 100;  we  take  the  difference  A* ^ from  the  -edge 

of  the  first  approximation. 

for  lack  of  necessary 

The  tenth  and  eleventh  ro-  are  not  filled  for 

data. 
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12)  &y0  - -0.0900;  we  add  the  numbers  in  the  eighth  and 

rows  above. 

The  second  column  of  this  approximation  is  formed  in  an 
analogous  manner,  with  the  only  difference  that  numbers  appear 
in  the  first  and  second  rows  (of.  the  number  in  the  thirteenth  row 
of  this  column)  and  in  the  fifth  row.  for  which  we  subtract  from 
the  number  (-0.0810)  in  the  fourth  row  the  number  (-0.1000)  in  the 
same  row.  but  on  the  left.  The  number  in  the  tending  row  IS  obtained 
by  adding  the  numbers  in  the  twelfth  and  thirteenth  rows  of  the 
preceding  column. 

The  third  column  is  distinguished  from  second  in  that  a number 
(_17)  appears  in  the  sixth  row,  for  which  we  subtract  fro-  the  number 
173  in  the  fifth  row  the  number  190  at  the  left,  and  another  number 


(-8)  appears  in  the  tenth  row.  for  which  the  number  in  the  sixth 
5 10 


row  is  multiplied  by  24 

Filling  in  the  Wedge  of  the  Se cond_A£pro x imation . 


In  the  sixth  line  we  repeat  twice  the  number  (-18).  noting  that: 


A2* 


-2 


A2* 


A24>  - -18. 


The  number  208  in  the  fifth  row  of  the  first  column  of  the  second 
approximation  will  appear  in  accordance  with  the  definition  of  the 
second  differences: 


a2*_!  -a*0 


- A* 


-1' 


from  which: 
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" A*_o  - A2*!  “ 190  - (-18)  - 208. 


Third  Approxiaatlo n . 

In  the  first  column,  after  the  thirteenth  and  first  rows  are 
filled,  the  places  in  the  second,  third,  fifth,  sixth,  and  seventh 
rows  are  left  blank.  Then: 

8)  The  number  in  the  fourth  row  is  repeated. 

0)  ~A<t*  - 104;  the  number  208  in  the  wedge  of  the  second 

approximation  is  halved. 

5 2 

10)  A 0 - -8;  the  number  (-18)  in  the  wedge  of  the  second 

12 

approximation  is  multiplied  by 

2 4 

The  eleventh  row  is  omitted.  Thereupon: 

12)  The  numbers  in  the  eighth,  ninth,  and  tenth  rows  above  are 


-0.1000  * 0.0104  - 0.0008  - -0.0004. 


In  the  second  column,  after  the  thirteenth,  first,  second, 
third,  fourth  and  fifth  rows  are  filled,  the  sixth  and  seventh  rows 
are  omitted.  Then: 

8)  The  number  in  the  fourth  row  is  repeated. 

9)  -i*  - 95;  the  number  in  the  fifth  row  of  this  column 

is  halved. 

12  ^^^-2  " nUBl^>er  (“18)  in  the  second  column  of  the 

preceding  wedge  is  multiplied  by  — . 

24 

The  eleventh  row  is  likewise  omitted.  Thereupon: 
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m 


the  eighth,  ninth,  and  tenth  rows  above 
12)  The  numbers  in  th 

added’  , „ only  the  thirteenth,  first,  second,  third, 

In  the  third  co  urn  , appears  for  the 

fourth,  fifth  and  sixth  rows  are 
first  tine  a number  in  the  seventh  row. 

-18  - (-17)  - -1- 

y^^j^g^in^the_*ed^K£._£l — — 

We  ma  ke  : 


A3*  3 -A3*_2  - A3*.!  - *3*0  " _l- 


, .ho  second  column  of  the 

hor  (-16)  in  the  sixth  row  o 

- — 

2 . 2.  3*  - -17  -(-1)  " -16' 

A - A +o  - A -1 

ner  the  blanks  in  the  rows  of  the  first 
In  an  analogous  manner, 

. -.11  be  filled  as  follows: 

column  of  the  wedge  will  be  I 

A2*_2  -A2*_i  * A3* -2  “ -1®  ' (~U  ' ~15’ 
a**.,  <16>  ' “*■ 

r"  "'.“rr'rioir.r'T ... 

„«  to  - 

™ °<  >»•  “irt  •”* 
because  of  the  clomeness  of 
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approximations,  respectively. 

P Normal  Computations. 


First  ColUgP- 

i nnOO  • 2)  x - u* 

13)  As  before.  y0  " ’ 0 d The  numbers  in  the 

, and  third  rows  need  not  be  tiUc 
The  second  and  nlace.  Thereupon: 

— ~ — ~ i ~ ..  — 


8) 

<*>  - -0.1000; 
0 

the 

number 

9) 

J-A*  . “ 103 ; 
2 — 1 

the 

numbe  r 

5 2*  - -6  ; 

the 

numbe  r 

10) 

— A *-2 

10 

multipl ied  by  24* 

i n in  the  seventh  row  is 
3 2 . O the  number  ( 1 } 

11)  ~gA*-3 

multiplied  by  • and 

-hors  in  the  eighth,  ninth,  tenth, 

12)  ay0‘  -0.01*03,  the  numbers 

eleventh  rows  are  added.  Jn  exactiy  the  same  manner. 

The  subsequent  columns  are  ^ order  of  imputation  in 

Attention  is  once  again  direc  c 

— - “T,  — - ••  w -- 

■’  fir*1  °j ,...»■■>  ~~ " i“  pr""“°e 

the  numbers  in  th 
column,  because 

Ay ^ • y i-1  4 Ayl-1 

, ov*.  filled  from  top 

the  spaces  m each  column  are 
h)  Thereupon,  tne  y 

to  bottom  Without  omissions. 


* 
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■ O'  n„e  of  Numeric"  1 Integration  of  the  First-Order  Equation 
■■  — with  Argument  v. 

The  method  of  numerical  integration  must  be  applied  to  the 
solution  of  the  following  equation: 


d! 

dv 


1 

v2 

vnP 


2 v 


-(L.  W )* 


v 

vhp 


where : 


/ - l 

'V  ti  a 


In  the  phys 


lCal  law  of  powder  burning  the  correlation  between  * 


and  v is  given  by  a table,  whereas 


in  the  geometric  la« 


* - 


»*0*» 

8l, 


W X«f 


2 2 


2t2 


s*I 


Since  it  is  also  necessary  a-  a rule  to  find  the  pressure  curve, 
it  1B  preferable  to  make  use  of  the  following  equation: 


whence 


p*v  d? " ps’ 


dl_  _ JL> 
dv  * P 9 


STAT 
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To  determine  the  step  of  integration  h,  the  speed  of  the  projectile 
vK  at  the  end  of  po.der  burning  must  be  known,  and  then: 

IV 


h - K 
h “ ; 


where  n - the  number  of  sections  - is  taken  in  the  range  of  i0-40, 
depending  upon  the  density  of  loading  (as  this  density  increases. 

the  number  n must  also  be  increased). 

While  determining  t and  p.  the  same  working  form  -ay  be  used 
to  find  the  time  of  motion  of  the  projectile  in  accordance  with  the 

following  relation: 

d t ^ <fg  1 


in  the  for-  of  a definite  integral. 

Exa,ple  7.  Deter-ine  the  projectile  velocity  and  gas  pressure 

curves  for  a 76  » gun,  given  the  following  conditions:  WQ  - 1.654; 
s - 0.4693;  lA  - 18.44;  q - 6.5;  P()  - 30,000:  f - 900,000;  a - 1, 

6 - 1.6;  0 - 0-2;  *-»  - 0.930;  - 1.05;  g - 98.1,  using  strip  powder 

type  SP  U x 18  x 40  mm).  It  is  assumed  that  the  powder  burns  in 
conformity  with  the  physical  law  derived  fro-  the  pressure-bomb  test 


presented  in  Table  5 (correlation  between  I and*). 


To  start  with,  we  find: 


log  - 0.2970;  log  ^ - 1.1709;  log  vnp  " l0g  ( «f  0 Q ) 8-0803, 


'a-1o 


- 2.284;  log  /.  “ T.8710 ; - ° 038:  1o*  T ’ 6*2512- 
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From  the  value  4^  found  we  compute  the  value  of  tQ  by  inverse 
interpolation  with  the  aid  of  the  data  in  Table  2 (cf.  Example  2. 
Subsection  7) 


tQ  - u. 020556  sec 


For  this  value  of  t^  we  determine  the  initial  impulse  1^  by 
direct  interpolation  with  the  aid  of  Table  4 (cf.  Example  1, 
Subsection  6) : 

.-2 


I - 76  kg ♦ sec • da" 


We  find  the  velocity  of  the  projectile  at  the  end  of  burning 
of  the  powder,  keeping  ii 


L n mind  that  1^  ■ 823  (cf . Table  5)  . 


v - JL(i  - I ) - 5040  dm* sec  1 
K f®  K 0 

Bt  choosing  n - 20  as  the  number  of  sections,  we  obtain  the 
step  as  being: 

v K -1 

h - — £ - 252  da-sec 

20 

so  that 


log 


M- 


1.5723;  log  \ ^ h 


2*  h-105  j - 6.5723. 


On  the  basis  of  Table  5,  we  plot  the  0v,  D curve  to  the 


following  scale:  for y , 1 m*  - 0.001;  for  I,  l mm  • 1 kg-sec*dm  . 

660 


STAT 

STAT 


m 

it 


We  read  on  it  the  values  of  the  gas  inflow  ^ corresponding  to  equal 
interva  Is 

823-~-?j  - 37.35  kg-  sec*  dm”2 
20 

for  the  pressure  impulse,  or,  what  is  the  same  thing,  to  equal 
intervals  h - 252  di-sec"1  for  the  velocity  of  the  projectile. 

These  values  of  are  given  subsequently  in  the  working  fora 
used  lor  performing  the  computations  (in  the  fifth  row). 
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0 

252 

4.8028 

9.9197 

3.7225 

0.038 

0.092 

-0.001 

0.091 

1.8710 

2.5793 

1.8710 

2.9638 

2.4503 

2.8348 

2.284 

-0.028 

2.284 

-0.068 

2.256 

0.000 

2.216 

0.000 

2.256 

2.216 

6.2512 

6.2512 

2.5793 

2.9590 

1.6466 

1.6544 

4.4771 

300 

4.8646 

732 

Form  for  Computations  with  Argument  v. 


5. 4048 

5. 7570 

6.0068 

6.2008 

9 .9197 

9.9197 

9.9197 

9.9197 

3.3245 

3.6767 

3.9265 

2. 1205 

0.  166 

0.227 

0.2  84 

0.339 

1 . 5723 
2.4014 
5.1354 
1.1091 
n 19Q 


2.216 

0.064 

2.280 

6.2512 

2.9590 

1.6421 

4.8523 
711 
1.5723 
2.40lJ 
5. 1477 
1.121^ 
O.  132 
32 


1.8710  1 

1.8710 

1.8710 

1.2201 

1.3560 

1.4533 

1.0911 

1.2270 

1 . 3243 

2 . 284 

2.284 

2.284 

-0.  123 

-0. 169 

0.211 

2. 161 

j 2.115 

2.073 

0.262 

0.385_ 

0 . 573 

2.423 

j 2.500 

2 . 646 

6.2512 

i 6.2512 

6.2512 

1.6257 

5.0817 

1207 


1.6021 

5.  1997 
1586 


1.5774 

5.2679 

1853 


1.8710 
1 . 5302 
1.4012 
2.284 
0.252 
2.032 
0^789 

2.821 

6.2512 


1 . 5496 

5.3150 

2065 


1.5723 

1.5723 

* 1.5723 

i 1.5723 

2.7024 

2.8785 

I J. 0034 

3.1004 

6.9183 

6 . 8003 

6 . 732 1 

6.6850 

1.1930 

1.2511 

-.1 . 3078 

1.3577 

0.156 

0.  178 

70 . 203 

0.228 

H 


* 
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The  working  form  can  be  broken  down  into  throe  main  sections. 

The  upper  section  contains  lines  1-24  and  is  reserved  for  computations 
necessary  for  determining  the  logarithm  of  the  auxiliary  function 
in  accordance  with  the  relations  (•).  Consequently,  the  pressure 
of  the  powder  gases  is  also  found  at  the  same  time.  The  values  for 
the  gas  inflow  in  line  5 are  first  read  from  the  (*V,  I)  curve  in 
the  case  of  the  physical  law  of  burning  of  the  powder  or  computed 


in  accordance  w 


ith  the  corresponding  formula  in  the  case  of  the 


geometric  law  of  burning. 

The  upper  section  is  the  most  involved  part  of  the  work  and 
makes  the  use  of  four-place  logarithms  obligatory. 

In  the  middle  section,  which  consists  of  lines  25-34,  are 
performed  computations  necessary  for  the  use  of  the  working  formula 
for  the  numerical  integration  of  a first-order  equation: 


A,i  -*1  * * T5A  *1-2  + Ta*i-3' 

and  for  finding  the  path  of  the  projectile:  i±  - 

Finally,  the  lower  section,  consisting  of  lines  35—47,  is  reserved 
for  finding  the  time  of  motion  of  the  projectile  in  the  bore  in  the 
form  of  a definite  integral,  using  the  following  working  formula: 

Att  - F,  ♦ ± A,  ♦ 


This  section  is  best  filled  after  completion  of  the  numerical 
integration  of  the  equation  for  the  path  of  the  projectile: 
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« - (f  ”)  T- 


1 e after  the  two  sections  above  it  are  filled. 

"’It  i8  useful  to  point  out  some  of  the  characteristic  features 

of  the  computations. 

a)  The  path  of  the  projectile  is  determined  with  an  accuracy 

of  0.001  dm;  the  time  t.  within  0.00001  seconds. 

b)  To  facilitate  computations.  only  one  approximation  is 

of  the  working  form). 

c)  At  first,  the  differences  of  the  auxiliary  function  up  to 

and  including  the  second  order  are  Introduced. 

d)  The  third  differences  of  this  function  are  utilized  only 

after  P„  is  passed. 

e)  The  second  difference  of  the  function  * appears  only 

the  second  column  of  the  normal  computations. 

f)  The  rows  which  are  not  filled  are:  lines  2,  3,  4,  6, 

„. ». «. ». ».  »■  -■  - i” i6'  ,i”‘  colT:“7l 

2J-33  33-,7  ..  .»•  — »<  >“  2-2"' 

23.  ».  3..  «<.  33  .«  <>'  “~*1 

_ ,o  07  28  31.  and  32  of  the  second  column  of 

and,  finally,  lines  2-12,  27,  28,  31, 

normal  computations. 

, #4i  lead  first  in  each  column. 

W)  Line  34  is  the  leading  row  and  is  filled  first 

For  a more  definite  conception  of  the  character  of  the  work  Involved 

.hen  filling  in  the  two  upper  section,  of  the  working  form  it  would 

he  desirable  to  describe  in  detail  the  computation,  performed  for 
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for  example,  for  the  column  of  normal  computations 
ln  lines  33  and  34  of  the  preceding  column  are 


on©  of  the  columns, 
with  v - 504. 

34)  The  numbers 

added : 

l - 0.198  + 0.064  - 0.262 


since : 


i i - <i-i  * Al i-i ; 

1)  We  add  the  integration  step  h: 


2)  The  nu 


V . 252  + h - 252  . 252  - 504; 

.her  in  the  preceding  re,  v - 504,  gives: 


2 log  v - 5.4048; 

3)  The  complement  of  the  logarithm  of  v*p  !•  takeD: 


-1ob  TnP  " 9-9197: 


4)  The  loga 


riihms  in  lines  2 and  3 are  added: 


▼2  _ 5.4048  + 9.9197  - 3.3245; 


'nP 


s>  The  e.lue  o<  ♦ *•  <•»•»  >"»  *“  <»•  ' > 
- 0. 166  ; 
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6)  The  logarithm  in  line  4 is  used  to  find  the  number  within 

0.001 : 

2 


0 . 002  ; 


n i 


7)  The  number  in  line  6 is  subtracted  from  the  number  in  line 


5 : 


* - - 
v~ 


- 0.166  - 0.002  - U . 164 ; 


nP 

8)  The  logarithm  of  [ has  been  found  by  preliminary  computations: 


log  J(l  - 1.8710; 


9)  The  number  in  line  5 gives  the  logarith* 


log  * - 1.2201 ; 


10)  7 he  logarithms  in  lines  8 and  9 above  are  added: 


log  l vV-  1.8710  + 1.2201  - 1.0911; 


11)  The  reduced  length  has  been  found  by  preliminary  computations: 

/ - 2.284 ; 

A 

12)  The  logarithm  in  line  10  is  used  to  find  the  number  within 

0.001 : 
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.9)  The  logarithms  in  lines  16,  17,  and  18  are  added: 

log  p - 6.2512  +T.2148  +1.6257  - 5.0817; 


))  The  logarithm  in  line  19  is  used  to  find  the  pressure 


at  v — 504 : 


p - 1207  kg. cm" 


21)  This  logarithm  has  been  obtained  by  preliminary  computations: 


log  h - 1.5723; 


l 


22)  From  the  number  in  line  1 we  have: 


log  v - 2.7024 


23)  The  comp 


lement  of  the  logarithm  in  line  19  is  taken: 


-log  p - -5.0817  - 6.9183 


24)  The  logarithms  in  lines  21,  22,  and  23  are  added, 
log  4>  - 1.5723  + 2.7024  + “6.9183  - 1.1930. 

We  now  proceed  to  the  next,  middle,  section. 

25)  The  logarithm  in  line  24  is  used  to  obtain  the  number  with 


an  accuracy  of  0.001: 


*2  - 0.156; 
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26)  Fro-  the  number  0.156  1»  this  column  we  subtract  the 
number  0.132  In  the  same  row  of  the  preceding  column  (keeping  in 
-ind  the  rule  governing  the  notation  of  differences)  : 


- 0.156  - 0.132  - 0.024. 

and  the  notation  is  facilitated  by  omitting  the  zeros. 

27)  pro—  the  number  24  in  this  column  we  subtract  the  number 

132  in  the  same  row  of  the  preceding  column: 

A2*  - 24  - 132  - -108; 


29)  The  number  in  line  25  is  repeated; 


+2  - 0.156; 


30)  The  number  In  line  26  is  halved; 


iit,  - 12; 
2 1 


3X)  The  number  in  line  27  is  multiplied  by  $ Ci-e.,  “ is 
multiplied  b,  ten  and  the  result  divided  by  24); 


— A2*,  - -(-108)  - -45; 
12  0 12 


33)  The  number,  in  line.  29,  30,  and  31  are  added; 
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A,2  ‘*2  + TA*1 


il  - °-123- 


It  is  now  possible  to  take  the  next  step,  i.e.,  proceed  to 
the  next  colimn  with  v - 756,  starting  the  computations  therein, 
as  always,  from  the  leading  row,  line  34. 

2 

At  the  muzzle,  we  have:  - 583  m sec ; p^  • 625  kg  cm  . 

13)  Numerical  Integration  of  the  Second-Order  Differential 

Equa  t ion . 

In  the  general  case,  a differential  equation  of  the  second 
order  contains  the  following  components:  the  independent  variable  x, 
the  function  y itself,  the  first  derivative  y'  of  the  function  y 
with  respect  to  x,  and  the  second  derivative  y"  of  the  same  function 
with  respect  to  x.  Consequently,  this  equation  can  be  represented 
in  the  following  fora: 

F( x,  y , y ’ , y”>  - 0; 

where  the  symbol  F represents  an  elementary  function  or  a combination 
of  such  elementary  functions. 

Numerical  integration  makes  it  possible  to  solve  this  equation 
in  any  form,  provided  only  that  the  given  equation  permits  the 
determination  of  the  second  derivative  as  an  explicit  function  of 
all  the  remaining  variable  quantities: 

y”  - f(x,  y,  y*)« 

In  this  numerical  integration  the  increment  of  the  derivative 
Ay*  is  determined  by  the  aid  of  the  following  formula: 
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T 


Ay;  - “ I »tn  + 


1 ■ - ” + AA2y;‘_2 


12 


3 3 ,, 

+ “8  A yi>3 


or 


a,'  ■ *t  4 Ta*i-i  4 12*2*1-2  + *1"3’ 

....  •>< 

4>  - hy”, 

, Privative  of  the  desired  function. 

expressed  in  terms  of  the  secon 

„ to  derive  the  fundamental  formula  for  Ayt  by 
It  is  not  necessary  to  derive 

Of  f ..0  ■,"lv“1V*- 

,o,.  »**— «•  a"‘"d 

relation  \ 


*y a 


1 5 2 . 

>;  ♦ * TiA  ’i-2 


bv  simply  replacing  y^  by  y^  and  ^i  y yi 

„ — •* » ,or’ 

* it.plf  in  terms  of  differences 
♦ a«  of  the  function  itself  in 
for  the  increment  Ay  of  tne  iun 

, t . first  Such  a formula 

of  the  second  derivative  rnt.ee  than  of  - ^ ^ ^ 

should  simplify  the  »ork,  bec.usc  in  cospu  auxiliary 

to  sake  use  of  the  nlrend,  available  difference,  of  the  auxili  y 
xo  find  the  differences 

function*,  and  it  will  not  be  necessary 

of  still  another  auxiliary  function: 


hy* 


671 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


For  this  purpose,  we  shall  utilise  the  equality 


*i+l 

aji  - \ v'dx- 


■ 


But  in  all  cases 

yl  " + Ay'  ’ yi  ) 


• - y;  4 C y~<ix. 


Let  us  replace  here  the  derivative  y"  by  the  following  inter- 
polation  function: 

y"  - Aq(x  - x t ) 3 + A ^ ( x - x,)2  + A2(x  - xt)  4 A3, 

and  then 

x 

- y'  + | /~ Aq ( X - xt)3  + A j ( X - xt)2  + A2(x  - x4)  + A3_,  dx 


_ y.  + Aq(x  _ Xl)4  + -i  Ax(x  - xt)3  + -j  A2(x  - xt)2  + A3(x  - xt). 


so  that,  consequently 


■i+i  r 


I 


f ’ + i*  Aq(x  - + “j*  A1^x  ” xi^ 
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i 

s 

1 

1 2 

* ~2  A2*x  “ xi^  + A3(x  “ xi^ 

dx  - 

i' 

_ 

yi(*  - xi)  + Ao(x  ' xi) 


i+i 


n Vx  - V4  * 7 Vx  ■ Xi>3  + 7 a3(x  • xi>2 


whence 


Ay  - h 
i 


because 


y'  + -i-  A h4  + r”r  A h3 
20  0 12  1 


Xi  + 1 * Xi  “ h* 


1 2 
— Ah 
6 2 


— A_h 
2 3 


Ve  shall  substitute  into  the  last  expression  the  following  values 
for  the  coefficients: 


A3y 


i-3. 


*2yl"-2  + ^yi-3 


6h3 


A2  “ 


6*J{-1  + 3A2y^'_2  + 2A3yj'_3 
6h 


2h^ 


; A3  * yi» 


because  the  part  of  the  function  is  here  played  by  the  derivative 
y”,  which  has  been  replaced  by  the  interpolation  function. 

After  obvious  transformations  this  substitution  gives: 
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to  do  without  third  differences.  ^ 

At  the  start  of  the  numerical  integration,  as  he  . 

. ade  G,  the  method  of  successive  approximations, 

frequent  use  is  s increase 

The  numbe r of  rows  in  the  iower  part  of  the  for. 

ison  with  the  nu.be r of  rows  in  the  lower  part  of 
(in  comparison  . b al  least  seven 

for  the  integration  of  the  first-order  equation) 

rows.  because  in  addition  to  the  ten  rows: 

2 3*  * - hI'  y’’ 

* ,A+  . A +.6  *'  *•  T6*’  8 

„,t  of  the  form  for  the  numerical 
corresponding  to  the  lower  P ^ ^ ^ appear 

integration  of  the  first-order  cqua 

the  following  additional  rows: 

tbe  flrot-order  .*»«*•■.  “ ,b* 

exainie  iB  Obviated. 

4 ! integration  ofSecond^Order 

14)  Pse  of  numerical  Int  g — — - 

^nations  Argument  t._ 

j lB  played  by  the  equation  for 

this  Process  the  leading  part  is  pl»f 

the  forward  -otion  of  the  projectile: 

*■  dt  * ‘P' 


fro.  which  it  follows  that 
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~ p, 
t <f>m 


(107) 


because 


dv 

dt 


if  the  phenomenon  of  recoil  is  not  cons 


l do  red  in  the  explicit  form. 


Equation  (107)  is  subject  to  nume 


ricai  integration  by  means 


of  the  following  relations. 


'V  - 


fw 

P - -~ 


l + l 


— ( vv  “ " * a*' 


which  have  already  been  employed  earlier.  The  auxiliary  function  4 
is  equal  in  this  case  to: 

. sh 

♦ -hi"  - - P- 

t tpm 

where  the  step  h Is  already  a certain  time  interval  of  the  motion 
of  the  projectile  in  the  bore.  This  step  Is  chosen 

The  working  formulas  for  the  numerical  integration  -ill  be: 

Avi  - *i  + + T»  a2*1'2  + T a3*1_3: 

A,i  " h ^Vi  + T*1  + + T4  *1-2  + ToA  *1-3)’ 

because  the  function  y to  be  determined  represents  in  this  case  the 
relative  path  I of  the  projectile  in  the  bore,  and  its  derivative^ 
is  the  velocity  of  the  projectile  v. 
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The  preliminary  computations  are  reduced  to  the  determination 
of  constants: 


1)  log  2)  log  3)  log  vj?  ; 4)/  ; 5)  log  l ; 6)  : 

B o 11  p A a U 


7)  log 


as  in  the  case  of  numerical  integration  of  a first-order  equation. 


The  values  of  1^,  1^  and  are  found  in  an  analogous  manner. 


The  gas  inflow  ^ is  read  off  the  (I,  ^ ) curve,  but,  in  contrast 
with  the  preceding  case,  it  is  necessary  here  to  find  for  each  point, 
during  the  process  of  Integration  itself: 


I - I0  * tiv. 


because  the  integration  gives  values  of  the  velocity  v which  are 
separated  from  one  another  by  unequal  Intervals.  Once  the  value  of 
the  pressure  impulse  is  had,  we  can  obtain  the  required  value  of 
from  the  I,  ^ curve.  Consequently,  this  curve  cannot  be  utilized 
in  advance,  but  it  must  be  available  in  the  course  of  the  entire  work 
of  numerical  integration. 

In  the  case  of  the  geometric  law  of  burning,  the  I,  ^ curve  is 
replaced  by  the  following  relation: 

*eoTm  ***2,2 


si 


*2  f 2 
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CHAPTER  2.  SOLUTION  BY  EXPANSION  IN  TAYLOR* S SERIES 
Integration  of  equations  of  internal  ballistics  describing  the 
relations  existing  between  the  fundamental  elements  of  a shot  leads 
to  rather  complex  integrals,  which  can  be  solved  only  by  means  of 
quadratures  with  any  desired  degree  of  accuracy  (Professor  Drozdov's 
solution).  In  this  connection,  in  order  to  make  integration  possible, 
some  of  the  variable  parameters  in  the  fundamental  equations  (0,  u , 

Pq,  etc.)  are  usually  assumed  to  be  constant. 

The  method  of  numerical  integration  makes  it  possible  to  solve 
a system  of  differential  equations  not  only  without  simplifying  the 
functions  entering  same,  but  even  by  assigning  variable  values  to 
those  quantities  which  are  usually  assumed  to  be  constant.  This 
makes  it  possible  to  solve  the  problem  on  the  basis  of  any  desired 
hypotheses  concerning  the  character  of  burning  of  the  powder,  the 
law  of  resistance  to  motion,  the  design  of  the  bore,  etc. 

In  solving  the  problem  by  the  method  of  numerical  integration, 
it  is  necessary  to  proceed  successively  from  one  value  of  the 
argument  to  another  by  the  addition  of  its  finite  differences,  starting 
at  the  very  beginning.  For  this  reason,  for  example,  it  is  not 
possible  to  determine  in  advance  the  values  of  p^  or  the  values  of 
the  variables  v,  l and  p corresponding  to  the  end  of  burning  of  the 
powder,  it  being  necessary,  instead,  to  compute  successively,  point 
by  point,  the  elements  of  the  curves  of  pressure  p,  the  path  of  the 
projectile  I , its  velocity  v,  etc.  This  constitutes  the  disadvantage 
of  this  method.  Moreover,  the  method  of  numerical  integration  gives 
the  relation  between  the  individual  variables  only  in  the  form  of 
numerical  tables,  rather  than  in  the  form  of  analytical  formulas. 
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In  spite  of  these  disadvantages,  the  method  of  numerical 
integration  may  serve  as  a means  for  indirect  verification  of  the 
degree  of  accuracy  obtained  by  the  aid  of  the  various  approximate 
analytical  methods  available. 

In  this  connection,  when  developing  new  theoretical  problems, 
numerical  integration  -ay  be  utilized  for  determining  the  errors 
involved  in  the  transition  from  exact  equations  and  relations  to 
others  that  are  less  exact  but  more  convenient  from  the  analytical 
point  of  view.  Numerical  integration  may  be  employed  with  equal 
success  both  in  the  case  of  the  geometric  la-  of  burning  and  in 
the  case  of  the  -ore  complex  physical  law  of  burning;  it  may  also 
be  applied  to  barrels  having  a bore  of  variable  cross  section. 

In  the  USSR  the  method  of  numerical  Integration  -as  first 
applied  to  the  solution  of  ballistic  problems  by  V.M.  Trofimov  in 
1918.  This  method  has  been  developed  in  great  detail  by  G.V. 

Oppokov,  who  employed  the  method  of  finite  differences  (1931-1938) 

discussed  above. 

In  1932  P.Y.  Melentyev  proposed  to  apply  the  method  of  expansion 
in  Taylor's  series  for  the  numerical  solution  of  equations  in 
ballistics,  and  this  method,  after  being  subjected  to  certain 
modifications,  has  been  found  to  be  sufficiently  convenient. 

Investigation  of  the  fundamental  relations  expressing  the 
condition,  accompanying  a -hot  -how-  that  all  the  principal  element. 
U,  v,  *,  and  p)  can  be  expressed  in  one  form  or  another  as  function, 
of  the  path  I and  of  it.  derivatives  with  respect  to  time  up  to  the 
third  order  inclusive* 
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As  a matter  of  fact,  taking  the  fundamental  system  of  equations 
expressing  the  relationship  between  the  elements  of  a shot,  we  obtain 
the  following. 

1)  The  fundamental  equation  of  pyrodynamics  or  the  equation 
of  t ra ns f o rna t ion  of  energy : 
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All  the  variables  entering  Into  the  fundamental  system  of  equations 
can  be  expressed  in  terms  of  the  path  / and  of  its  derivatives,  since 
_ , > v - z + -2-2  i',  >V  - being  a function  of  z - will  also  be 

V 0 _»  t’ 

expressed  as  a function  of  the  pressure  is  proportional  to  I", 

and  the  derivative  ^ is  proportional  to  1 . Consequently,  if  the 

time  t of  travel  of  the  projectile  through  the  bore  is  taken  as  the 

independent  variable,  and  the  path  of  the  projectile  t is  taken  as 

the  function  to  be  expanded  in  a series,  it  becomes  possible  to 

employ  Taylor’s  series  for  finding  the  value  of  the  path  I n+1  and 

of  its  derivatives  for  the  neighboring  segment  corresponding  to  the 

. _t  +At-t  + h,  provided  that  the  values  of  the  path 
wn+l  n n 

l and  of  its  derivatives  for  the  preceding  instant  tQ  are  known. 

It  is  thus  possible  to  find  all  the  elements  of  burning  of  the  powder 
and  of  the  aotion  of  the  projectile  during  a shot,  i.e.,  z,  v,  p, 

l , and  t. 

Let  it  be  assumed  that  for  a certain  instant  of  time  tQ  the  path 

tD  and  its  derivatives  with  respect  to  time  l t ",  /'”*•••  are  known' 

if  a sufficiently  small  increment  of  tise  At  - h is  assumed  and 

consideration  is  limited  to  derivatives  up  to  and  including  the  third 

order,  then,  in  accordance  with  Taylor’s  formula,  we  shall  have  for 

t , - t_  + h: 
n+1  n 
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, ' . , + hf.  + Sl  f + 

n+1  n » 2 n 2.3  “ 

Differentiating  -1th  respect  to  t and  rejecting  the  terss 
containing  l"  l-.  considering  that  f-  i.  constant  over  the 
given  interval  At  and  equals  its  mean  value,  we  obtain. 

2 

r - r + h\  ••  + b-  / ; 

tn  + i n n Z n 


* n'  * *n+l_ 


hi"1 

n av . 


C + Ctjla  the  Bean  value  of  the  third  derivative  in  the  interval 
consideration  (Fig-  154).  Fros  the  last  equation  -e  obtain  the 


under  conside 
following  val 


^ - h l" ' ln 


Fig.  154  - Diagram  for  I"  and  • 

A.  has  been  shown  by  P.V.  -elentyev,  it  is  -ore  convenient  to 
co-pute  not  the  derivative,  the-selves.  but.  rather,  the  quantities 

proportional  to  the-,  na-ely:  hi  * , hV*  and  V ' Therefore,  by 

. . ft«*  k.  we  will  obtain  the  following 

■ultiplylng  f;+1  by  h and  /n+1  by  -j,  -e  -m 

equations : 
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»';+i-h,;  + h2ln  + — ' 


h _ . - 

o ‘ n+1 


1 n+l 


h2,:-¥  «; 


(109) 


(110) 


Comparing  these  two  equations  with  the  initial  equation  (108), 
it  will  be  seen  that  I enters  everywhere  without  a coefficient,  /' 
enters  with  the  coefficient  h,  /"  enters  with  the  coefficient  h2, 
and  /"•  enters  with  the  coefficient  This  considerably  accelerates 

the  subsequent  computations. 

The  expression  for  the  second  derivative  I"  will  be: 


'•t  - 


<f» 


or,  multiplying  by  n2 : 


I,*  P - h2  — P . 
t H>" 


(111) 


By  combining  the  resulting  values  for  the  path  I and  its 
derivatives  with  the  equation,  of  the  fundamental  system,  -e  obtain 
the  totality  of  formulas  necessary  for  the  solution  in  the  following 
form  and  sequence,  which  corresponds  to  the  order  of  their  application, 
the  constants  encountered  being  designated  below  as  follows. 


32 

sl_ 


V 


f<-»  k ®2H  _ _! k , • 

T 2f~  ,2  3'  <fa 


nP 
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\ 


! h,i+l  - h'n  + h2‘n  + T '»  : 


h ! 


n+1 


n+1 


- - z + v - + k,v„ 

zn+l  Z0 


si. 


'n+1  ‘0  T *1  n+1’ 


System  I 


*n+l  " * Zn+1  + *HUl; 


'n+1  “ 'n  4 b,n  4 T h2'n  * T S ' n 5 
vn+l 


*n+l  ‘ 3 
fu,  nP 

Pn+1  s / 


*n+l  - Vntl 

♦ »+l  + fn+l  “ a+n^l  + ' 


* krj 


n + 1 


h2,n\l  ■ ^ Pn+1  - h2k4Pn+l: 


»3  ....  - h2»».,  - h*i:- v i;*- 


/ *»• 

2 ( n+1 


‘ n+1 


(I) 


(ID 


(III) 


(IV) 


(V) 


(VI) 


(VII) 


(VIII) 


The  subscript  (n+1)  designates  those  values  of  the  derivatives 
at  the  end  of  the  given  interval  of  time  which,  in  the  process  of 
mputation,  are  transferred  fro.  the  coluan  being  computed  into  the 
sponding  rows  of  the  right-hand  neighboring  column;  however, 
the  transferred  values  now  bear  the  index  n because  they  characterize 
the  initial  value  of  the  given  quantity  in  the  next  column. 

686 


co 

correi 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


In  order  to  perform  the  computation  by  means  of  this  totality 
of  formulas,  the  values  of  / and  of  its  derivatives  at  the  start 
of  the  projectile’s  motion,  i.e.,  at  the  instant  t *•  0,  must  be 
known.  Since  at  the  start  of  motion  the  path  l and  the  speed  v 
are  equal  to  zero,  we  obtain: 

(l)0-0,  ( !•  )0  - (v)0  - o,  ( (’’  )0  - k4p0,  h2(  |”)o  - h2k4P0, 

where  Pq  is  the  forcing  pressure  usually  specified  beforehand.  As 
regards  the  third  derivative  (r’)Q,  We  sha11  firSt  find  an  exPression 
for  it  at  the  present  instant  in  the  form  of  l'"  . 

To  determine  I ' , we  differentiate  the  equation  /"  - k4p  with 
respect  to  t : 

‘ t 4 t 


But  the  quantity  p^  has  already  been  derived: 


^ - 1 4 


- V(1  + ©)  , 


for  the  start  of  motion  when  l - 0,  v - 0,  p - Pq»  and  - 'Vq  J we 

, Po  fa,  . P0  \ . »«Q  f , . 

will  therefore  obtain:  <P;)0  - y—  ~ V **[ ) 2 *k  V 


The  quantity  (1  + | and  thi8  expression  is  therefore 

,v  "v 
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» . _ the  iDiti&l 
. the  thtrd  derivative  for 
the  value  of  the  tnir 

Consequently,  th 
instant  is  likewise  known: 


1 V.3 

n 3 h w v 

Vo“  T 4 : 


"“o  !±_  p , 
% ° 


. to  ^gin  the  successive  solution  of  Syste.  U> 
and  it  is  possible  to  ^ ding  tQ  lhe  interval  of  time 

first  for  the  first  colu.n  obtaining  a successive 

„ ♦ second  column,  eic., 

“ “h>  the"  f , v . *and  P »» 

series  of  values  for  , v ^ ^ a8  to  obtain  10-1,  colu.ns 

Tbe  quantity  h - . ^ .blch  will  » 

for  the  period  of  burn  - ^ ^ quantlties  P,  v, 

corresponding  number  of  poln 

and  i8  fundamentally  detersined  by  the 

Since  the  time  of  rn  _ At  may  be  taken 

,0_  the  interval  of  time 
„ • t-he  DOider , v ° 
thickness  of  the 

.4 to  the  formula: 
approxi»ately  according  to 


h s* 0.001  ex. 


-rfor  in  mill lmeters,  b being 

— •*  - * - ZZZZZ ...... ...  • “ » — 

. . to  one  or  twu  6 

rounded  off  t . 1.28  mm*. 

. n„,re).  For  cxt*ple»  it  i STAT 

significant  figure).  egg 
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h - O.OOl  (0.64)  - 0.00064  - 0.0006  or  0.00065 

Since  vA  and  JA  are  known  at  least  approximately  in  advance. 

It  is  possible,  alter  computing  the  average  line  oi  notion  ol  the 

projectile  t - , to  lake  for  the  value  of  the  tise  step  (increment) 

t * vA 

At  - h » rounded  off  to  two  significant  figures. 

Sequence  of  Computation.  All  the  constants  are  computed  first: 


± _ JL 

A 8 


X,  X,  it  X,  A,  'Vy 


„ X , . 

4 — *n; 
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The  sequence  of  computation  is  not  affected  regardless  of  whether 
the  computation  Is  performed  for  a degressive  or  a progressive 
powder. 

In  computing  the  segment  after  the  decomposition  of  the 
progressive  powder, it  is  necessary  to  substitute  for  the  usual 
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Subscript  n:  0 

1 

Computition  Formulas 

Column  No. 

1 

2 

3 

Remarks 

Time  tn+1  - (n  4 1 ) h 

0.0008 

0.0016 

0.0024 

h - 0.0008 

1 

hln 

0 

1.1322 

0.3856 

From  line  4 of  precede  ^ 
column 

* t1:' 

hr*  - o 

0 

2 

3 

1 

: c 

*!c  "J" 

0.0958 

0.0364 

0.  1928 

0.0606 

0.3546 

0. 1012 

From  line  25  of  preceding 
column.  Into  line  26  of 
the  given  column. 

From  line  28  of  preceding 
column. 

Into  line  27  of  the  given 
column. 

h2/"  - 0.0958 

0 

h3 

L.  /•”  - 0.0364 

2 ‘0 

4 

h/' 

n+1 

0. 1322 

0.3856 

0.8414 

Into  line  1 of  next  column. 

Into  line  16  of  next 
column. 

h,n+l 

*n+l  " “ 

5 

h/’  i 
n4l 

vn4i " nr- 

165.3 

482 

u 

• 

Vi  ■ z0  + kiv»+1 

- 0.0001864 

6 

7 

( klvn4l 

zo 

0.0308 

0.0297 

0.0899 

0.0297 

0.0297 

In  all  columns. 

8 

7 n + 1 

0.0605 

0.  1196 

Vl  * **n+l  + 

9 

"'n.l 

0.0641 

0.  1268 

10 

. . 
n4- 1 

j 0.0002 

0.0009 



'TT 

^ n4-l 

0.0639 

0. 1259 

j 

12 

k3vn+l 

0.0002 

0.0016 
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Tt.  .a,,.-  led  ~.u„  >« 

» Ml-  In  the  next  column  to  the  right  these 
and  constants  of  System  (I),  in 

formulas  are  brohen  down  into  individual  operations,  which 

followed  in  the  computations.  responding  to  the 

•lo  start  with,  the  first  column  (No.  1 ) co  po 

t ime  interval  0 to  h is  filled  in  first.  In  this  column 
„ relates  to  the  start  of  the  interval,  and  the  subscript  ~1 

ete 

For  the  next  (second)  column,  » - 1.  - 

first  column,  computation  of  the  constants  gives  us  at  n - - 

(the  path  at  the  start  of  the  motion),  which  we  write  on  line  15. 

hi.  . o (the  velocity  at  the  start  of  the  motion)  is  written  on 

“ a 1C  h2t"  - h2l"  - 0.0958  is  written  on  lines  2 and  2 , 

lines  1 and  16 ; h I n 0 j . lfh2/.M 

h»  . ..  ..  U~.  > ■-  17  ” ^ ° ’ , 

3-  0 >.  Tb...  .»  *“ 

and  line  18  with  3 * o u * 

ted  in  the  first  column.  «e  no.  subject  the-  to  the 

n - 0 are  inserted  in  tne 

ations.  The  sum  of  the  first  three  rows  gives  the 
r;:;r:  hi-  . which  is  immediately  transferred  to  lines  1 

..  „ • «-  — •«  “*•  “ **■;"" 1 ‘ 

next  interval;  we  then  determine  *B+X.  *„+l’  *n+l*  *“  “+1 

, - «.  .■«  - «•  “ *“  ~ *“  “lv'“  “‘"”1 

OI  "J, . »»  »•.«»..  ”“cr,,,  *•  “ , 

d to  line  15  of  the  neighboring  column.  After  determ  n 
transferred  to  line  whlch  we 


transferred  to  tine — - which  we 

_ *n-L  anb  BultlplTPPS  11  PP  k,b  ' °btl  ” 0+1  ’ 

« «. «.  as  2 01  *“ 
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next  column,  where  this  quantity  acquires  the  subscript  n,  as  does 
also  -L(h 2 l"  ),  which  is  written  in  line  17  of  the  next  column. 

After  ^performing  the  operations  indicated  in  the  form  with^ines 
25,  26,  and  27,  we  obtain  in  line  28  of  the  first  column  Vn+l’ 

,hich  -e  immediately  transfer  to  lines  3 and  27  of  the  next  column, 
while  > is  written  In  line  18  of  the  same  column. 

Thus.^a 1 l^opera t ions  with  the  quantities  bearing  the  subscript 
n in  the  second  column  are  already  prepared,  and  the  second  column 
is  then  treated  in  the  same  manner  as  was  the  first. 

Constants  such  as  zy  in  line  7 and  in  line  20  are  inserted 

in  the  series  of  columns  in  advance. 

By  applying  the  same  rules  to  the  neighboring  second  column. 

we  shall  gradually,  step  by  step,  obtain  values  for  v.  z,  *,  I, 
and  p as  functions  of  t - (n+l)h,  and  this  is  continued  to  the  end 
of  burning  or  to  the  instant  of  emergence  of  the  projectile  from 
the  bore,  it  being  necessary  to  use  +-  1 after  the  end  of  burning. 

In  performing  the  computations  it  is  necessary  to  exercise 
extreme  care  not  to  commit  any  errors,  because  an  error  in  one  of 
the  preceding  columns  will  distort  the  results  obtained  in  the 
succeeding  columns. 

It  is  best  to  follow  up  the  computation  of  the  data  in  each 
column  by  plotting  them  on  graph  paper  as  a function  of  t.  In  so 
doing  an  error  in  the  given  column  will  cause  a deviation  from  the 
regular  disposition  of  the  points  derived  from  the  preceding  columns, 
and  such  an  error  can  be  detected  and  corrected. 

As  a criterion  of  accuracy,  it  is  also  useful  to  plot  on  the 
diagram  the  third  derivative  (or  ^ r*+1  in  the  last  row),  which 
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f 


f 

6 

8 

I! 

I 

r 


should  first  increase,  then  pass  through  a maximum,  then  become 
zero  <p(  - 0)  at  the  instant  pB  is  attained, and  thereupon  acquire 
a negative  value,  fluctuating  slightly  in  either  direction.  * 

The  instant  of  time  cut  off  on  the  diagram  at  p|  - 0 or  —V"  - 0 

corresponds  to  the  instant  of  maximum  pressure,  and  all  elements 
for  it  are  best  taken  from  the  diagram. 

The  time  tK  corresponding  to  the  end  of  burning  of  the  powder 
is  determined  from  the  diagram  on  the  basis  of  the  t curve  at 

- 1 ; thereupon,  the  elements  corresponding  to  the  end  of  burning 
of  the  powder  for  this  time  are  found  by  interpolation.  If,  without 
changing  the  segments  At  - h,  the  second  period  is  computed  as  a 
direct  continuation  of  the  first,  assuming  -4--  1 and  l+-  ^ throughout, 

the  third  derivative  I"'  usually  begins  to  fluctuate,  sometimes 
entering  the  region  of  positive  values,  which  contradicts  the 
physical  nature  of  the  process  of  pressure  change. 

For  this  reason,  once  the  elements  of  the  end  of  burning 
t vK,  IK,  and  pR  have  been  obtained  from  the  computation  of  the 
first  period,  the  procedure  is  continued  by  adopting  the  same  step 
At  - h with  tK  as  the  starting  point  by  first  computing  the  values 
of  the  path  and  of  its  derivatives  for  the  start  of  the  second  period 
in  accordance  with  the  following  formulas: 


(0) 


- /K;  hi’ 


(0)  - hV 


h2,..  . h2  JLp  _ h2k  p ; 

(0)  <f»  K 4 K 


3 

k—  1 
2 (0) 


Ml  a _ 


2 <fB 


(1  + 

<'i  + V 


vrP. 

k.Cl  +«)  * * 

4 U + L 
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.hereupon  they  are  written  in  the  initial  column  for  computatlng 
the  data  of  the  second  period  and  subjected  to  the  sane  operations 
as  in  the  first  period,  with  the  sole  exceptions  that  + - 1 is 
assumed  in  line  11  and  that  lines  6-10  are  omitted. 

The  computation  is  continued  in  this  manner  until  l ^ 

If  | _ tA,  the  remaining  elements  vA  and  PA  are  obtained 

automatically  in  the  same  column  for  the  subscript  n+l ; it  * n+ 1 > »A  • 
the  computations  in  this  column  must  be  carried  as  far  as  line  24, 
.ith  lines  6-10  omitted,  .hereupon  the  value  of  »A  is  used  to  obtain 


Instead  of  expanding  in  a series  after  obtaining  the  elements 
corresponding  to  the  end  of  burning  of  the  powder,  it  is  possible  to 
compute  vA  and  pA  by  means  of  the  usual  second-period  formulas,  but 

without  determining  the  ti*e  t. 

The  solution  by  expansion  in  a series  is  applicable  to  both 
the  geometric  and  the  physical  la.  of  burning  of  po.der.  In  the 
latter  case: 


from  which  we  have  the  following  expression  for  I: 


1 - 1«  + 


and  the  correlation  between  * and  m is  replaced  by  the  graphical 
dependence  of  I upon  which  is  found  fro-  the  bomb  test. 
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SECTION  EIGHT  - EMPIRICAL 
METHODS  OF  SOLUTION 

Even  with  a certain  schema tizat ion  in  the  assumptions  made,  the 
analytical  solution  of  problems  in  internal  ballistics  leads  to  rath- 
er complex  correlations,  which  require  time-consuming  and  complicated 
computations  to  obtain  pressure  and  velocity  curves.  For  this  reason, 
many  investigators  have  approached  the  solution  of  problems  in  internal 
ballistics  either  on  the  basis  of  simple  algebraic  correlations  with 
coefficients  determined  by  reference  to  experimental  data  or  on  the 


\ 


basis  of  very  simple  tables  or  formulas  resulting  from  the  treatment 
of  experimental  data  obtained  in  firing  tests. 

Such  simple  formulas  and  tables,  which  leave  out  of  account  the 
great  complexity  of  the  phenomenon  of  the  shot,  ^nd  which  coordinate 
their  data  with  experiment  with  the  aid  of  certain  coefficients,  form 
the  basis  of  empirical  methods  of  solution. 

We  shall  briefly  consider  some  of  the  most  widely  known  formulas 
and  tables  employed  in  practice. 

CHAPTER  1 - MONOMIAL  AND  DIFFERENTIAL  FORMULAS 
1.  MONOMIAL  EMPIRICAL  FORMULAS 

Monomial  formulas  usually  express  the  dependence  of  the  initial 
velocity  of  the  projectile  and  the  maximum  gas  pressure  upon  various 
loading  conditions.  Like  other  empirical  formulas,  they  were  widely 
employed  prior  to  the  development  of  exact  analytical  methods  and  of 
tables  derived  on  the  basis  of  these  methods. 

Such  formulas  include  the  monomial  formulas  of  N.  A.  Zabudsky, 
which  are  derived  in  his  works  "On  the  Pressure  of  Smokeless-Powder 
Gases  in  Gunbarrels”/“7_7  »od  "On  the  Pressure  of  Powder  Gases  in 
the  Bore  of  the  Three-Inch  Gun  and  on  the  Remaining  Velocity"/“8j7 
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. » a lai-ee  number  of  firing  tests.  These 

on  the  basis  of  treatment  of  a lai  go  numoe 

formulas  are: 

3 

2 

; p - 


3 

1 


2q  4 


v - H, 
v0  1 


1 

d*  . 
km  0 


1 5 


1 d2  i 

km  0 


for  the  3-inch,  4.2-inch,  and  6-inch  guns,  and: 


V0  " H 


4 5 

A 


1 1 
C2e1)°q 


9 9 4 

TO  TQ  5 

A cj  q 

1 

(2e  ^ ) 5 


for  the  1902  model  3-inch  gun. 


Here,  H , H,  K , and  K ere  numeric.  coefficients.  -Med  ere 
determined  <re.  the  rc.ult.  .1  <-r.n,  «...  coder  Knn.n  loading 

condl t ions . 

Taking  Into  neeoun.  «.  Influence  e<  «=  Increa.c  1.  pr—ur. 
p upon  Ik.  change  In  .he  o.poncn...  »-  *•  -hud.k, 

.I  high  pren.urcn  <2200  ...  and  higher  al^hal  **»».  enponent. 

of  q and  Jl0  he  taken  an  unity  Instead  of  - and  __ 


p - K 

max 


9 

3 

cj  q 


(2ei)5i0 


or  p.ax  ’ K 


4 

5 

Acw  q 
7 
5 

(2e^  ) 


Closely  related  to  monomial  formulas  are  differential  formulas. 

B,  taking  the  logarithm  of  - monomial  formula  and  differentiating  it 
ter.  by  term,  it  1.  possible  to  obtain  a dependence  of  the  relative 
change  in  initial  velocity  and  of  the  maximum  gas  pressure  upon  th.SW 
change  in  loading  conditions. 
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For  example: 


dv. 


dC*  „ - , 
al  W ~ a2  q 31 


dio 

0 


2.  EMPIRICAL  DIFFERENTIAL  FORMULAS  OF  I KOPZ 
Wide  acceptance  and  practical  use  have  been  accorded  in  this 
country  to  the  formulas  of  the  Test  Commission  of  the  Okhta  Powder 
Works  ( I KOPZ ) , which  were  derived  empirically  on  the  basis  of  a 
large  number  of  firing  tests  conducted  during  the  development  and 
adoption  into  service  of  smokeless  powders  between  1895  and  1910. 

G.  P.  Kisnemsky  and  N.  A.  Zabudsky  took  an  important  part  in  these 
tests . 

The  I KOPZ  differential  formulas,  which  are  also  known  as  cor- 
rection formulas,  give  the  dependence  of  the  relative  change  in 
maximum  pressure  and  initial  velocity  upon  changes  in  the  weight  of 
the  charge,  the  thickness  of  the  powder,  the  volume  of  the  chamber, 
the  weight  of  the  projectile,  and  the  volatile  content  and  tempera- 
ture of  the  powder  in  the  following  form: 

_ 2 — - i + 2 ^ - 0.  15  (£H%)  + 0.0036  (At°)  ; 


- 0.04  UH%)  + 0.0011  (At°) . 


3 e. 


3 Wr 


5 q 


If  any  one  of  the  loading  conditions  does  not  change,  its 
change  is  equal  to  zero,  and  the  corresponding  term  in  the  right-hand 
part  drops  out;  if  only  one  factor  changes,  the  right-hand  part  con- 
tains only  one  term,  which  characterizes  the  influence  of  this  factOgTAT 
alone. 
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Coefficients  in  excess  of  unity  show  that  the  relative  change 
in  pressure  is  greater  than  the  change  in  the  given  factor;  coefficients 
smaller  than  unity  show  that  the  pressure  or  the  velocity  vary  less 
than  the  given  factor* 

A plus  sign  indicates  that  the  pressure  and  the  velocity  change 
in  the  same  direction,  i.c..  increase  or  decrease  as  the  factor  in- 
creases or  decreases;  a minus  sign  indicates  that  Pn  and  v„  change 
in  the  direction  opposite  to  the  direction  of  the  change  in  the  given 

factor . 

Inspection  of  the  formulas  shows  that  changes  in  all  factors 
affect  the  change  in  pressure  much  more  than  the  change  in  the 
velocity  of  the  projectile. 

The  formulas  presented  above  find  widespread  practical  use  in 
the  selection  of  the  charge  and  thickness,  in  applying  corrections 
for  the  volume  of  the  crusher  gage,  and  in  firing  at  a powder  tern 
perature  other  than  15°C.  which  is  considered  to  be  normal,  and  to 
which  the  results  of  firing  must  be  reduced  in  determining  the 
initial  velocity,  since  the  firing  tables  are  computed  at  t - 15°C. 

Example  1.  In  firing  a 1902  model  76—  gun  with  an  inserted  Crush, 
gage  and  at  a powder  temperature  of  +12°C,  the  following  results 
were  obtained:  p^  - 2380  kg/ cm2  and  V/l  - 593  M/sec.  1o  determine 
p and  v at  t - +15°C,  without  an  inserted  crusher  gage,  with  normal 

loading/*  if  the  volume  of  the  chamber  is  WQ  - 1654  cm3  and  the  volume 

__  3 

of  the  crusher  gage  is  *cr>  - 35  cm  . 

We  shall  consider  consequently,  the  firing  was  con- 

, * w*  . w - AW  - 1654  - 35  - 1619  cm3 
ducted  with  a chamber  volume  Wq  »q  5"0 

and  at  t - +12°C. 

Reduction  to  the  normal  chamber  volume  requires  the  following 

STAT 


correction : 
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A - + 35  a*  ‘ — 

0 wr 


^W0  35 


0.022  - 2. 


a.o  . 1 5 - 12  - 


Wo  introduce  the  following  corrections: 

Ap»  _ _ 4 0.022  + 0.0036  • 3 - -0.029+  0.011  - -0.018  - 


. _ I 0.022  + 0.0011  • 3 - -0.007  + U.0O3  - -0.004  - -0.4%. 


v0  3 . corrections  are  also 

51.cc  .11  the  ccel.lclcnt.  .re  apprc.l.ate,  »■ 


cc.pp.cd  Pith  . precision  .»  only 


Introduction  of  the  corrections  gives: 


-0.018  • 2380  - -43;  Pn  - 2380  - 43  - 2337. 


or,  rounded  off  to  the  nearest  5 kg 


2335  kg/CB 


< „ _ cqo  _ o 4 ™ 590.6  b/ sec . 

- -0.004  • 593  - -2.4  -/sec;  vQ  - 593 

o 


The  for— ulas  presented  above  -ake  it  possible  to  solve  not  only 


direct,  but  also  inverse  problem,  for  exa.ple  : by  what  a^unts  is 
it  necessary  to  change  the  thickness  of  the  powder  and  the  weight  of 


the  charge  in  order  that  the  pressure  be  changed  by  so  -any  per  cent 


and  the  initial  velocity  by  so  -uch;  or  by  how  -an,  per  cent  is  it 


* UU  

necessary  ..  Car  th.  .U.1U  cc.cn.  o.  «h.  P»-d.r  >»  «“ 

the  pressure  and  “ •‘■W"  b>  *“  "d"1”"’  "°U"“  “ *“* 


weight  of  the  charge  is  changed  in  a certain  -anner. 


Bxa-ple  2.  In  firing  a 1910  -odel  107—  gun,  a regulation 
charge  containing  2.050  kg  of  new  powder  gave  a (regulation)  P.  - 23 
and  a rclocl.y  - =70.5  s/s.c  Ins.e.d  c<  «0  - =’*  -/-«•  »■> 
...  re  out red  1.  acc.rd.nc.  ei.h  .he  ..chnlc.l  —•»».  T“ 

„ .nether  the  char,,  can  he  c.rr.ct.d  h,  ch.n.ln,  «h.  .ol.tll.  cent 

and,  .1»~  both  th.  preseure  and  «h.  ..ICT  •!.>  **  * ”“1 


I 


of  this,  how  should  the  charge  be  changed  so  as  to  retaln^e  sa-e 
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pressure? 


Consequently,  the  problem  is  to  determine  g AH*  under  such 

*>»  - O and^-  — - " 0.015  - 1.5%. 
conditions  that  570.5 

P«i 


Pm  0 

We  formulate  two  equations: 


Av, 


Ap"  _ O - o.  15  (aH%) , — - - 77  - °-04  (AH%)- 

PB  ‘ u vo  4 

, Ap“  _ 0 and  — - - O.015  - 1.5%,  con- 
By  substituting  the  values  — 0 and  ^ 

, . _ t cl  n h 4)  . and  designat- 

verting  0.15  and  0.04  into  percentages  (i.e., 

inI  . x and  AH%  - y,  obtain: 

^ U 32 

0 - 2x  - ISy;  1.5  - - x - 4y. 


Upon  solving  this  system,  we  find 


x - iS  y; 
2 


13 


y ; 


3 _8  . 12  - 0.9%;  X - ^|  - T3  ~7%- 

y 2 13  13 

Consequently,  the  volatile  content must  be  increased  by  0.9%, 

and  the  charge  must  be  Increased  by  7%. 

Example  3.  By  ho.  -any  per  cent  is  it  necessary  to  change  the 

thickness  of  the  powder  and  the  weight  of  the  charge  in  order  that 

.«*»...<  ....  “ 1“”***'‘  by 


Av, 


- iy: 

2%  4 u 3 ®1  4 3 


2y;  2 . 3 |y  - ly  - iy; 
2 4 3 ^ ° 


- i*%-  X - £ 12  - 8%. 

y ’ 3 


.» - *—  — **■  «• 

....  no  — » »,  »"4  *»'  — ”•*  “ ‘“"*”ed 

^ ^ , ( 9 -i\(Ae  e )obtained  from  the 

The  expression  x -(2  3>y  or  -<2  ^ x 

V,  « that  in  order  that  the  pressure  remain  unchange  , 
first  equation  shows  tha  , . 

, x tho  chartre  must  be  changed  in  such 

the  thickness  of  the  powder  and  the  charge 

manner  that : 

Aw_  2 4°1 

3 e. 


u> 


As  i9  seen  fro.  the  exa.pies  presented  above,  empirical  differen  a 
formulas  make  it  possible  to  solve  very  rapidly  and  simply  many  of 
the  problems  that  are  continually  encountered  in  firing-gro^d  or 
po.der-.orks  practice.  It  is  only  necessary  to  keep  in  mind 
these  formulas  .ere  originally  derived  for  mediu.-po.er  guns  (vq^ 
400-600  m/sec),  and  that,  in  individual  cases,  the  coefficients 
deviate  in  either  direction  fro.  the  average  values  given  in  the 
formulas.  Nevertheless,  these  formulas  are  entirely  suitable 

estimates  and  tentative  computations. 

A.  has  been  shown  b,  N.  A.  Zabud.ky,  the  values  of  some  coe  - 

«<  p.  vo  

Ib.  ...C  noted  in  tb.  »»«*  llfr..—,  '■»44*  «“ 
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m 


change  as 
mu  las 


the  density  of  loading 


increases.  For  example,  in  the  for- 


Avf 


Aw 


Apm  Aco  . ^ » 0 

-r-  " "<-*  at  v0  -*w-  ^ 


the  coefficients 


A and  J 10 

0.9A 


. taken  into  account  that  both  the  pressure  and 
i.e.,  it  is  thereby  taken  . 0.55, 

Sharply  with  increasing  A-  At  4a 

the  velocity  change  the  values  of  the  coefficients 

* 2’  aDd  ^ ' °;74g  of  thl  coefficients  of  the  lest  Commission 
coincide  with  the  values  of  the  co 

of  the  Okhta  Powder  Works.  v E SLUKHOTSKY 

3.  CORRFCTIOR  FORMULAS  AHO  1 AB1XS  OF  -FES  O V.E 

The  influence  of  the  density  of  loading  and  of  the 

non  the  coefficients  of  differential  formulas 
length  of  the  gun  upon  the  c — - - 

a H in  greater  detail  by  V.  E.  SlukhotskyL  9_,  . 
has  been  considered  in  g following 

* win v be  represented  in  tne 

The  correction  formulas  may  be 

form  as  functions  of  the  parameters  X: 

AP.  and  — - Jf  — . 

— -XaDd  xX 


There  are  presented  below  excerpts  from  the  tables  of 

fficlents  - are  presented  for  the  -axi.u- 

s— .«-««•  ^ .* 

pressure  wltnxn  v ^ STAT 

* in  the  range  of  0.50-0.80  kg/d.  . 
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corrections  of  the  following  quantities:  IR  - pressure  impulse  of 


powder  gases  for  the  period  of  burning  of  the  powder;  u - weight  of 


the  charge;  f - propellant  force  of  the  powder;  q - weight  of  the 


projectile;  and  WQ-  volume  of  the  chamber. 

Since  the  values  of  the  coefficients  J depend  not  only  upon  p 

X 

and  but  also  upon  the  quantity  A*-  * A/j|  tables  for  various 
have  been  formulated  for  determining  the  values  of  the  coefficient 
jp  m in  the  tables  presented  below,  the  values  of  4,  6,  8,  and  10 
have  been  taken  for For  each  value  of  there  is  given  its 

own  table  of  values  of  as  a function  of  p^  and  A(pm  2000-4500 


kg/cm^,  A “ 0.5,  0.6,  0.7,  and  0.8). 


STAT 
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f-1 

i 

mi 


solution  of  various  problems  in  internal  ballistics.  1 he  advantage  of 
these  tables  consisted  in  their  simplicity.  At  present,  however,  in 
view  of  the  availability  of  tables  formulated  on  the  basis  of  more 
exact  analytical  formulas,  the  empirical  formulas  of  Leduc,  like  the 
tables  of  Heidenreich,  have  lost  their  importance  and  possess  some 
interest  merely  from  the  point  of  view  of  the  method  on  which  they  are 

based . 

On  the  basis  of  a study  of  extensive  experimental  and  compu ta t iona 
data,  Leduc  assumed  for  the  velocity  ol  the  projectile  a hyperbolic 
correlation  of  the  following  type: 

a Jt 

v , 

b ♦ X 

where  a and  b are  constants,  which  depend  upon  the  loading  conditions. 

It  follows  from  this  formula  that,  as^  approaches  infinity,  v 
approaches  a,  and  the  constant  a expresses  the  limiting  velocity  of  the 
projectile.  As  a matter  of  fact: 

/ a X \ 


np 


b +J 


oo 


The  constant  a has  the  dimension  of  velocity,  and  the  constant  b 
has  the  dimension  of  length. 

To  establish  the  dependence  of  pressure  upon  the  path  of  the  pro- 
jectile, use  Is  made  of  the  usual  equation  of  motion  of  the  projectile 
in  the  following  fora: 

dv 

ps  - <p  *v  — ; 

dJL 

By  substituting  therein  the  expression  for  the  velocity  of  the  pro- 
jectile and  for  its  derivative  with  respect  to  the  path,  dv/d£  - ab/ 
(b  +X  )2 , we  obtain  the  following  formula  for  the  pressure  as  a 


STAT 
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function  of  the  path: 


73  ' 


s (b  +i  >* 

, oith  J traversed  by  the 

To  find  the  maximum  pressure  PB  and  “ derivative  of 

4 ,n  that  instant,  we  equate  to  zero 
project  lie  pr  or  traversed  by  the  projectile: 

the  pressure  with  respect 

„ + i )3  - 3-i(b  - 5 a2b  ^ ~r  \f  ' 

^-  = a2b  s (b  +-n 

di  s 

^ . 0 at  b - " 2 

. for  c into  the  equation,  we  obtai 
Upon  substituting  this  va  u m 

2 

4 </ma 

P»  " 27  »b 

4. y.  _ i r«tvit  of  maximum 

„e  obtain  the  velocity  of  the  projectile  in 
pressure  from  the  equation  at  i,  • b 2 ’ 


rant  a (or  the  limiting  velocity)  equals 
Consequently,  the  constant  of  maximum 

three  times  the  velocity  of  the  projectile 

pressure  (a  - 3vb> . . _e  start  out 

To  „„d  tb.  “<*•*"  «»«  >”*h  *“■ 

on  the  basis  of  the  fact  that: 

_ d/  _ b _+.  j.  dJt  . 

dt  v a -A 

. t to  t and  from^  to  gives. 

Integration  within  the  limits  r j 1 STAT 

t-h.io 
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where  generally  stands  for  a certain  sufficiently  snail  segment  of 
the  path  and  t}  stands  for  the  tine  corresponding  to  it. 

Taking  S x - Jl m and  consequently  t^  - t , and  moreover  assuming 
that  the  projectile  moves  along  this  segment  with  a constant  accelera- 
tion equal  to  the  arithmetic  mean  between  the  initial  acceleration 
(which  equals  zero)  and  the  final  acceleration  (which  equals  4/27  • 

. a2  b>,  we  can  write  ^ - b 2 -(  1.  2><2.  27Xa2  b)(t2)  from  which 


By  substituting  this  value  for  ^ into  the  equation  for  t,  and 
taking  into  account  that  ^ ^ - b 2,  we  find  the  time  necessary 

for  the  projectile  to  traverse  the  path  A through  the  bore: 


1 - 


b 

a 

Completion  of  the  above  operations  and  transformation  of  the 
result  in  terms  of  decimal  logarithms  finally  gives  us: 

2\ 


b 

t - ~ 
a 


3.174  + - + 2.303  log 

b b 


To  utilize  the  formulas  of  Leduc,  it  is  necessary  to  know  the 
constants  a and  b.  If  the  values  of  vA  and  P-  are  known  from  experi- 
ment or  have  been  computed  on  the  basis  of  exact  formulas,  the  cons- 
tants a and  b are  defined  by  the  following  system  of  equations: 

aJL 


b + J, 


from  which: 


- JL- 

27  s b 


7 11 


STAT 
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, only  the  .inns  sign  need  be  retained  before  the 

* — 

beyond  the  limits  of  the  bon  • 


By  designating  >\A  “ pav. 

’f  . ..wo  obtain. 

. -the  equation  fox  • > 

expression  into  the  eq 

antity  b from  the  following  equation: 
find  the  quantity 
Knowing  »i  te  IlDU 

I a l \ J . 

" - 1.7  - )J* 

t Vi  4 1 in  order  to 
^ ^ thP  disadvantage  that, 

The  formulas  of  Ueduc  hav  b>  it  is  necessary 

. no  the  constants  a * 

utilise  then  and  to  determ  _ices  their  value  considerably. 


- <f jnd  introduci“g  this 


'A  A 

* av.  m 


thpir  value  considerably, 
this  reduces  thei 

t -1  n t 


. v * this  reau^va  

» — " -«A«  -—v* 

W ,llh  M 

a and  b in  advance  in  con  or.  ^ employed. 

« —•■"‘rrr.r.  i. ... 

The  formulas  for 


a - a 


b - 0 


f-V  ( > -5a) 

V q/  \ ' 


(112) 


(113) 


nd  p characterize  the  po.der;  the  quantity  a 

The  quantities  a ^ ^ ^ ^ depend.  princlpall,  upon 

characterize,  the  poten  Units;  on  the  other  hand, 

fluctuates  111114 

its  nature,  and  fiucvu 


STAT 
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„«  quantity  8 ch.r.ct.rl  — tk.  tat.  o,  Uniting  o,  .««  —dor,  doped, 
principally  upon  the  thick—,  = « tk.  po— r grain,  and  tlnctnatc 

within  rather  wide  limits  (2-65). 

in  the  case  of  pyroxylin  powders,  the  value  of  a may  be  assumed 

to  be  equal  to  2080  kg  - « • sec,  and  consequently: 

■*  1 

f 


a - 2080 


2 ^ 


12 


Knowing  a,  the  value  of  b can  be  determined  from: 


- - ')  '«• 


and,  in  case  of  necessity,  the  quantity  , may  be  found  from  Equation 

>The  author  has  conducted  a treatment  of  the  results  of  firing 
tests  and  powder  tests  in  a pressure  bomb  for  the  purpose  of  deter- 
mining the  dependence  of  the  coefficient  t i upon  the  thickness  of 
powder  or  upon  the  pressure  impulse.  The  following  regions  were 

es tabl ished . 

For  powders  with  one  perforation: 

y - 0.95 

£-2.15  ^ Pdt ; 

- 0.05 

For  powders  with  seven  performa t ions : 

0.85 

£ - 4.25 

0.05 

— tk.  Integra  la  f St  — ob.—d  k,  treat—,  of  — Wie- 
ld addition,  author  — —— d tk.  .olio— 

relations  for  a and  b: 


I.  BO 

5 pdt* 
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a - O.  16  \J2 gf  “ ; b " 2 0A  ( #)  # 


2.  IDEA  OF  TABLES  OF  HEIDENREICH 
The  tables  of  Heldenreich  (1900)  were  formulated  on  the  basis  of 
a treatment  of  a Urge  number  of  velocimetrxc  recoil  curves  obtained 
by  firing  various  guns  under  a variety  of  loading  conditions. 

They  consist  of  two  separate  tables. 

Table  8 presents  values  which  muKe  it  possible  to  determine  the 
elements  of  a shot  for  the  instant  of  maximum  pressure  and  for  the 
instant  of  passage  of  the  projectile  through  the  muz.le  face  Cp.  and 


* 


1 able  8 


_ Pav. 

Pm 

— T 

roi)  - r 1 

XA 

pi. 

n(n.)  - iT 

a v 

0 

0 

- 

0.05 

0.0046 

- 

0.10 

0.0104 

0.200 

o*  t5 

0.0177 

0 • 240 

0.20 

0.0262  ! 

0.274 

0.25 

0.0360 

0.306 

0.30 

0.0471 

0.338 

0.35 

0.0597 

0.368 

0.40 

0.0740 

0.400 

0.45 

0.0903 

0.432 

0.288 

0.306 

0.322 

0.337 

0.352 

0.367 

0.383 

0.399 


TCn>  - 


a v . 

o 

0.033 
0.069 
U.  108 
0.  150 

0. 196 
0.246 
0.300 
0.358 
0.420 


0.646 
0.60  5 
0.7  44 
0.792 
0.842 
0.893 
0.946 
1.000 


(•)*or  a sore  detailed  description  of  ^be  ^^ce^cf^M.^^Serebry 

■VWnBENHYAYA  BALL1STIKA” 
333-3«./F 
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Table  8 (Contrd.) 


p 

HV  . 

p 

a 

ZOO  - ¥ 

0. 50 

0. 1090 

0.55 

0.132 

0.60 

0. 160 

0.65 

0.  192 

0.70 

0.231 

0.75 

0.283 

o 

GO 

o 

0.360 

0.825 

0.422 

0.85 

0.605 

0.825 

0.855 

0.80 

0.980 

0.79 

1.000 

0.465 

0 . 501 
0 . 54  i 
0. 585 
0.635 
0.697 
0.779 
0.838 
1.000 
1.181 
1 .254 

1 .266 


In  using  Table  8,  the  initial  quantity  is  >i  - p ,p  , where  p 

' av.  m av. 


_ Vm 

t 

) - m 

t 

T(^)  «.  _ 

VM 

vv  T f 

t 

a v . 

t 

0.416 

0.487 

1.056 

0.435 

0.  560 

1.116 

0.457 

0.642 

1 . 180 

0.482 

0.734 

1 .249 

0.511 

0.835 

1.322 

O.  546 

0.958 

1.406 

0. 592 

1.115 

1. 507 

0.636 

1.225 

1 . 575 

0.747 

1.485 

1 . 7 1 5 

0.908 

1.735 

1 .815 

0.987 

1.835 

1.845 

1 .000 

1 .850 

1.850 

is  defined  by  the  following  formula: 

q t1  * I 


’ V 2 qj  'A 

Pav.  " t 

2  gs  *A 

where  ( 1 +<  1/2)  «/q)  is  a coefficient  which  takes  into  account  the  work 
required  to  wove  the  projectile. 

Table  8 presents  the  following  functions  of 


£<>l>  - »;  #(y  - — ; a (>j)  - J-  n«V  ~ 
An  t 


P-  ln 

; T<^) 5 . 

P t 

av.  av. 


where  t_„  - 2j^/v  is  the  tiwe  of  motion  of  the  projectile  through 
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the  bore  with  the  average  velocity  v^  + 02  - V2* 

Once  the  numerical  value  of: 

j 

. ..... ... ..  - ■* *“ th<'  f‘r*‘  coU“'" 

,.r  all  1HC  ...a, a.«  —>«“  “ ‘"aiC“'‘‘ 

in  the  same  line. 


With  t Pa v . 


v and  tay  known,  these  numbers  are  used  to 


^ aV*  nd  t i.e.,  the  elements  of 

find  the  quantities  iffl,  vm»  tm*  p,q  ’ **  A* 

the  shot  for  the  instant  of  Pm  and  v>3  * 

t . t'ihles  it  is  necessary  first  to  know  p 
In  order  to  use  the  tables, 

c and  cj  q,  which  also  constitutes  a dis- 
and v^,  as  well  as  q,  s,  XA  . and  ^ q' 

advantage  of  these  tables. 

n able  9 presents  data  for  finding  intermediate  values  for  the 
pressure,  velocity,  and  time  as  a function  of  the  relative  path  of 

the  projectile  -A-  4 

Table  9 contains  numerical  vafues  of  the  following  functions: 

HOO  - >v  ; IffCX)  - J-  = 0(V)  - ^ and  Z(X)  - . 

which  represent  curve-  for  the  pressure,  velocity,  and  time  of 
.otion  of  the  projectile  as  functions  of  the  path 

ror  X-  i tJf-i..  p “ the  values  °f  the  laSt  threC  fUDC~ 

tions  equal  unity,  and  this  line  corresponds  to  the  pressure  maximum 
on  the  pressure  curve.  The  line-  above  this  line  give  values  for  P, 
v and  t on  the  ascending  branch  of  the  pressure  curve;  the  lines 

hlxow  this  line  give  value-  for  these  quantities  on  the  descending 

STAT 

branch  of  the  curve. 

-.Ion  the  limit  of  descent  in  Table  9 is  the  line 
In  this  connection,  tne  iimiv 
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o 2 

- 134500  kg/ dm2  “ 1345  kg/cm 


We  find  pav  (g  “ 98.1  dm/ sec): 

4 d + 6.5(1  ♦ \ 5880 

Pav.  ~ 2 gsj^  298.1*0.4693*18.44 

We  compute  \ - Pav . PB  - 1345/2320  - 0.58.  From  Table  8,  inter- 
polating for  Pav  , Pm  “ 0.58,  we  find: 

Table  10 


K 

£'V  -IT 

•e< 

i 

/u* 

\ 

e<v  - 

lav. 

jo.  55 

0.  132 

0.435 

0 . 560 

jO.  58 

0. 149 

0. 448 

0.609 

p . 60 

0.  160 

0.457 

0.642 

Hav 


and  t 


ing  the  values  of^V^),  $C>\>,  “nd©C>\),  we  compute  Jm,  v^, 

3.  - 18-44  • 0.149  - 2.75  dm: 

m ** 

v - v JO?)  - 588  * 0.448  - 264  m sec  : 
m A ' 


2 iR  2 - 18.44 

y „ “ 5880 


- 0.00628  sec: 


t - t ®(Si)  - 0.00628  * 0.609  - 0.00382  sec. 

■ av.  < 

Having  these  values,  we  compute  p,  v,  and  t with  the  aid  of  the  fol- 
lowing formulas: 

p - pmTrtX);  v " 1 1 

The  value  of  A for  the  muzzle  face  is: 


**  - 12=il  - 6.71. 

JT.  2.75 
719 
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SECTION  NINE  - TABULAR  METH  O D S 
ov  SOLUTION  OF  PROBLEMS  IN 
INTERNAL  BALLISTICS 

ruAPTRR  1 - IMPORTANCE  OF  TABULAR  METHODS  OF  SOLUTION 
CHAPTER  i AftfiLLfiftV  pRACTTTE 

In  adopting  the  analytical  method  for  the  solution  of  the  princi- 
pal problem  of  pyrodynamics,  i.e.,  for  the  determination  of  the  gas- 
pressure  curve  in  the  bore  and  of  the  velocity  of  the  projectile  as  a 
function  of  its  path,  it  is  necessary  to  perform  a large  number  of 
computations,  which  require  a considerable  expenditure  of  time.  More- 
over, the  analytical  formulas  do  not  make  it  possible  to  solve  inverse 
problems  connected  with  the  design  of  the  system  or  with  determining 
the  thickness  of  the  powder.  For  this  reason,  in  solving  such  prob- 
lems, it  has  been  necessary  to  go  through  a large  number  of  variants 
of  the  direct  problem  and  then  to  choose  from  among  them  by  inter- 
polation the  variant  suitable  for  the  case  under  consideration.  This 
introduced  extraordinary  complications  into  the  solution  of  problems 
connected  with  the  design  of  guns  and  the  selection  of  powders,  making 
it  necessary  to  resort  to  tables  and  simple  formulas  of  empirical 
origin  which  do  not  take  into  account  all  the  circumstances  surrounding 
the  phenomenon  of  the  shot.  For  example,  the  formulas  of  Leduc  do  not 
take  cognizance  of  the  weight  of  the  charge  and  the  thickness  of  the 
powder,  just  as  the  thickness  of  the  powder  also  falls  to  be  reflected 
in  the  tables  of  Heidenreich. 

Neither  the  tables  nor  the  formulas  mentioned  above  make  it  pos- 
slble  to  determine  the  position  of  the  end  of  burning  of  the  powder 
and  to  find  out  whether  or  not  it  burns  entirely  in  the  barrel.  IShtiu 
this  may  not  be  essential  for  computing  the  strength  of  the  barrel  or 
for  designing  the  gun  carriage,  it  is  of  decisive  importance  in  choos- 
ing the  thickness  of  the  powder  to  assure  attainment  of  the  necessiSTAT 
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ballistic  data.  Drozdov  formulated 

- «—  *■  i9i°’  ““z. : 

his  tables  for  determining  the  saxisus  pre  Qf  the 

lty  v*.  involving  the  eoincidentall  det  ^ considerably  the 

end  of  burning  of  the  powder  (-^  -V  • fitted 

„f  internal  ballistics  and  permitted 

solution  of  the  direct  pro  em  q{  inversc  problems  relating 

the  rapid  and  simple  solution  of  a num  er 

f the  barrel,  such  as  determination  of  the 
to  the  ballistic  design  of  the  barre 

nccn re  attainment  oi 

r^r.::rrr.:‘" — - «*« 

and  under  the  conditions  of  complete  combustion  of  ■ » 

bore  (J  <*  >.  determination  of  the  thicKness  of  powder  necessary 

assure  the  .«.!-«»  of  a predetermined  — imum  pressure,  solution  o 

diverse  variants  involving  changes  in  the  weight  of  the  charge  an 
diverse  ^ ^ presBure  to  determine 

the  thickness  of  the  powder 

the  most  advantageous  conditions  of  loading,  etc. 

The  tables  formulated  by  Professor  Drozdov  played  an  import 

....  .......... ...  -*.-«« 

......... ......  .«■  ... 

..  ....  ....  — l.«r  «"  „ „ „ 

........  ■» 

......  », ... ...... .—«•  ■«  * ■o1;l  tl... 

.oaplla.lon  1.  1*33  of  ...  — - * *' 

for  powders  with  a constant  burning  area. 

A further  develop^  and  continuation  of  the  tables  of  Pro  esso 

i.  ...........  .r  *3.  "A.II  Table. " --11-d  » 1,33_- 

..1C  nu  It  .""r  *i,'“  CO”ai“°“  “ 4””r 

,lc  c«  ..1.  P..  Jv  -V  *"d  V b"'  *“  “”**  ""  *“  “* 

...  .. lo.lt.  of  ...  pcjec....,  ...  «-  •« 
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functions  of  the  path  of  the  projectile.  These  tables  made  po 

slble  -till  further  to  accelerate  the  solution  of  a number  o P 
.ith  the  field  of  ballistic  design. 

le.s  connected  -ith  Professor  N.  F.  Droz- 

Followlng  the  introduction  of  the  ta 
dov,  and  then  of  the  AKII  Tables,  into  artillery  practice,  the  e.p 

cal  tables  of  Heidenreich  lost  all  of  their ' ed 

In  1942.  With  the  ANII  Tables  as  a model, 
under  the  editorship  of  V.  Sluhhotshy  and  S.  ..  — detaile 

Tables.-  -hich  -ere  published  in  three  parts,  -ith  the  subsequent 
addition  of  a special  Part  4 for  the  ballistic  computation  o gu  • 

Xhey  are  -ore  convenient  and  do  not  contain  the  errors  presen 

in  the  AHII  Tables. 

Part  4 of  the  tables  (TBC)  is  especially  convenient  or 

c„.p.........  t eS.Blcr  ™ ...c...  ......  -lO  ».»«■«“> 

In  the  present  chapter,  we 

:ri. ..... ..  — - - -'*“*•  - r a,r;i 

...... .. .........  “ '‘”a  *“ 

.. . .....  ••  - - -a  **•  •*  • 

* ... .. ......... .. ... ..."  •«  * •- 

.... ..... «...  ..<■«.»••>  — « ,h*  ,or 

... ...  - .. •« « — »•  - «•' 

...»  (..br.,l...D  ..»>••  rj°"  "r‘“” 

........  .<  «».  •».*.  “*  “• 

...  ...  ........  .<  «.  - •«  •—  »«  **•  “ “C"; 

„„  ..  .......  ..........  «>...«»  ,e*  “ * 

culatlon  of  the  mizzle  velocity. 
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Contrary  to  the  practice  adopted  by  some  authors,  tabular  methods 
cannot  be  Interpreted  to  Include  those  analytical  methods  for  the 
solution  of  the  direct  problem  comprising  tables  of  various  functions 
of  internal  ballistics,  such  as,  for  example,  the  D and  £ functions  of 
Professor  Oppokov,  the  § ZB/Bld f)  function  of  Sviridov,  etc.,  which 


play  an  auxiliary  part  in  the  solution  of  the  direct  problem  and  in 
the  computation  of  the  elements  of  the  shot. 

PROCEDURE  FOR  FORMULATION  OF  TABLES^  * 

In  formulating  tables  on  the  basis  of  analytical  methods,  there 
is  conducted  a large  number  of  computations  leading  to  the  solution  of 
the  direct  problem  of  internal  ballistics  for  various  conditions  of 
loading,  which  are  chosen  within  definite  limits. 

To  render  the  tables  adaptable  to  guns  of  any  desired  caliber, 
the  initial  equations  are  reduced  to  such  a form  that  they  contain 
relative  quantities  wherever  possible.  For  example,  instead  of 
weights  of  charges  cj , which  vary  within  very  wide  limits,  use  is  made 
of  densities  of  loadings,  which  vary  but  little  for  definite  types 
of  guns ; Instead  of  absolute  paths  of  the  projectile,  there  are  deter- 
mined the  relative  quantities  A - where  j?Q  - w0'  8 ls  the  ad 

justed  length  of  the  chamber.  The  quantity  A-J/-?0  be  considered 

either  as  the  relative  path  of  the  projectile  or  as  the  number  of 
volumes  of  expansion  of  the  gases,  A.  ” bS/b!q  - */lro'  which,  in  our 
artillery  systems,  varies  only  within  circumscribed  limits. 

Instead  of  the  absolute  pressures  p,  there  are  sometimes  deter- 
mined the  ratios  of  the  pressure  to  the  propellant  force  of  the  pow- 
der, p/f  or  p/p^  where  Px  - f4/l  - aA* 

Moreover,  the  constants  which  characterize  the  conditions  of 


OCf.  Professor  D.  A.  Ventsel,  "VNUTREKNYAYA  BALLISTIC"  (Internal 
Ballistics)  /~10_7 
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iu.dl.g  .re  grouped  rngn.d.r  id  id.  «...  .«  dl.nn.ionla..  p.r.d.Wr. 
lade  pendent  of  the  c.Uber  of  the  gun.  Snch  P>r>»»» 
example : 


s I, 


B 


f ojcfm 

(in  the  method  of  Professor  Drozdov) 


2 f^ym  2 
H - - - 

8 1 K B 

(in  the  method  of  Bi anchi-Cr nve ) 


c - e - 5® 

H 2 

(in  tho  same  method  at  * “ ^ ^ 

To  make  it  possible  to  construct  the  tables,  it  is  necessary  to 
establish  the  number  of  variables  and  parameters  entering  into  the 
system  of  equations  of  internal  ballistics.  For  this  purpose,  -e 
shall  consider  the  principal  formulas  for  the  elements  of  the  shot 
(p,  y.Jf  and  ip). 

For  the  first  period,  in  the  case  of  a powder  of  degressive 
form,  we  have: 

-xA  - x - l; 

Y r o o 


X<*0  - kt  - X + 2*Az0; 

_ ¥0 


X(*0  ♦ D 


K. 

PO 


+ aj  - 1 
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A - 


A -Afav.<z;Bl 


' iiL  \/fgBx; 
yq 


r0  : 


<J>  - x2 


B8 


-X't  , 


B entering  into  the  quantities  k*  and  b - , in  accord- 

1 -1 


ance  with  which  the  function  log  is  deter.ined. 


nd  the  cross-sectional  area  of  the  chanber 


enter  in  the  for-  of  the  ratio  ~/q  into  the  for-ula  for  the  velocity 
v;  the  coefficient  <f  - a + b ~/q  depends  upon  the  sa-c  ratio. 

Consideration  of  the  quantities  p.  v and  ZV  - J/t  Q shows 

the-  to  represent  functions  of  the  argu-ent X and  of  the  following 
eight  para»eterB : 

t,  a,  and S,  which  characterize  the  nature  of  the  powder; 

e _ c^/c  _ lf  which  characterizes  the  co-position  of  the  gases 
and  the  conditions  of  their  expansion  in  the  bore  of  the  gun; 

, which  characterizes  the  for-  of  the  powder;  STAT 
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Pq,  which  characterizes  the  arrangeseot  of  the  belt  of  the  pro- 
jectile and  of  the  grooves  in  the  bore; 

B andzl,  which  characterize  the  conditions  of  loading. 


The  values  of  the  same  variables  p,  v \/\p  q/u> , and  Aat  the  pres- 
sure maximum  and  at  the  end  of  burning  of  the  powder  depend  upon  the 
same  eight  parameters. 

In  the  second  period,  p and  v \/ are  defined  by  the  follow- 
ing expressions: 

P " P* 


/ak  + i - 


where 


and 


Pk 


l A 


i - |§(1 

2 


V 


andy\^  - 1 - a^. 


{■  - [ 


,-fn.  ./ 


where  the  argument  is^A.;  the  remaining  constants  and  the  parameters 
B and  /\  are  the  same  as  in  the  first  period. 

The  large  number  of  constants  and  parameters  makes  it  necessary, 
in  formulating  the  tables,  to  assume  that  some  of  the  constants,  which 
vary  within  definite  limits,  such  as  f,  a, £ , x » PQ>  etc.,  are  constant 
average  values,  which  narrows  down  the  field  of  applicability  of  the 
tables.  Some  authors  choose  the  alternative  of  introducing  sore  com- 
plex variables  and  parameters,  which  makes  it  possible  to  reduce  the 
number  of  entries  in  the  tables,  but  also  complicates  the  use  of  the 
latter. 

If  f,  and  p0  are  assumed  to  be  constant,  the  quanti- 

ties p,^V,  and  v \/<f  q/o  will  be  functions  of  only  the  two  parameters  STAT 
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A and  B,  and  it  becomes  possible  to  formulate  tables  with  only  the  two 
entries  A and  B. 

Let  us  designate  the  quantity  v \fc?  as  vtub  • 

mining  v from  the  tables,  the  actual  velocity  of  the  projectile 

*****  mill ti Diving  v by  the  factor  n - which  is 

v is  found  by  multiplying  vtab%  7 

known  for  the  predetermined  loading  conditions: 


V - V 


tab. 


where  </  - a + b w/q. 

The  time  of  motion  is  expressed  by  the  following  integral: 


A 

- s 


dj 

v 


If,  in  this  integral,  jL  is  expressed  in  terms  of  A and  v in  terms 

of  v ’,.e  obtain  for  the  time  of  motion  the  following  expression: 
tab. 


1 - i 


1 a ^ 


dA 

vtab. 


A 

5 


, \ likewise  a function  of  the  same 

in  which  the  integral  \ <*A  *tab  18  11Kef18 


A,  B,  andA.  The  tables  give  the  following  quantity: 


106 

Ltab.  ’ j o Vy1* 


t. 


It  should  be  pointed  out  that  vtab#  i»  given  in  the  tables 
m/mec-l,  while in  the  formula  for  the  time  is  expressed  In  dm. 

The  transition  from  tabular  values  for  conditional  time,  t^  , 
to  actual  time  value,  is  carried  out  in  accordance  with  the  follow- 
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ing  formula: 

t _ j>  s / io-6t 

dm  \J  tab. 

In  formulating  the  tables,  there  are  first  established  the  limits 
of  variation  of  the  parameters  A and  D which  may  be  encountered  in 
practice,  together  with  the  intervals  of  variation  of  these  parameters 
that  are  convenient  for  Interpolation  of  intermediate  values.  For 
example,  A is  taken  between  the  limits  of  0.20  and  0.80  or  0.10  and 
0.90,  and  B is  taken  between  1 and  3 or  0 and  4. 

The  intervals  for  A are  best  chosen  to  be  equal  to  0.04,  in 
order  that  later,  by  interpolating  half-way  and  then  half-way  again, 
there  -ay  be  obtained  variations  In  the  tabular  data  for  the  values 
of  A at  intervals  of  0.01.  The  Intervals  for  B may  be  taken  to  be 
0.4,  in  order  that  two  half-way  interpolations  may  give  tabular  data 

for  the  values  of  B at  Intervals  of  0.1. 

We  thus  obtain  two  series  of  values  for  the  principal  parameters: 

A - 0.20;  0.24;  0.28;  ...  0.72;  0.76;  0.80. 

B - 1.0;  1.4;  1.8;  2.2;  2.6;  3.0. 

Thereupon,  with  one  of  the  values  of  A <for  example  0.20)  as  a 
basis,  there  is  carried  out  for  all  the  values  of  B written  out  above 
a complete  computation  of  the  solution  of  the  problem  of  internal 
ballistics,  involving  the  determination  of  p,  »-A*  and  «(> , both 

for  the  maximum-pressure  value,  and  for  the  end  of  burning  of  the 
powder,  and  in  some  table,  also  for  a series  of  intermediate  point, 
in  the  first  and  second  period,  until  a definite  value  ofAl.  ob- 

tallied. 


This  is  then  repeated  for  all  the  chosen  values  of  A. 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


o 


Upon  completion  of  the  computations,  the  values  of  the  quantities 

which  must  be  entered  into  the  tables  (for  example  PB,  \/XQ, 
are  plotted  on  a large  scale  on  cross-sectional  paper,  and  curves  show- 
ing the  variations  of  these  quantities,  for  example  of  P-  as  a function 
of  A at  given  values  of  B.  are  constructed.  Thereupon,  for  the  same 
values  of  A,  there  are  constructed  curves  showing  the  variation  of  Pm 
as  a function  of  B;  these  two  systems  of  curves  make  it  possible  to 
carry  out  interpolations  for  intermediate  values  of  A and  B,  and  thus 
to  formulate  a full  table  of  variations  of  p^  as  a function  of  A at 
intervals  of  0.01  and  as  a function  of  B at  intervals  of  0.1  or  0.05. 
Analogous  curves  are  also  constructed  for  the  other  quantities  ( VV 

-V-V  etc-)  as  wcl1,  and  interpolatlons  are  carried  out  in  a siBilar 

manner . 

The  data  obtained  after  interpolation  are  entered  into  tables, 
which  make  it  possible  to  solve  both  direct  problems  on  the  determina- 
tion of  P-,  PK,  iB,  iK.  ““d  v*  and  lnver8e  Problems  connected  with 

the  ballistic  computation  of  guns. 

CHAPTER  2 - TABLES  FOR  DETERMINING  PRINCIPAL  ELEMENTS  OF  SHOT 

(P.’-f.'^K'  V 

1.  TABLES  OF  PROFESSOR  N.  F.  DROZDOV 
The  tables  were  compiled  for  strip-type  powders  possessing  the 
following  form  characteristics:  * - 1.06  and  xX - -0.06. 

In  the  tables,  the  following  characteristics  were  assumed  to 

be  constant. 

Propellant  force  of  powder  f - 950,000  kg-dm/kg. 

Covolume  a • 0.98  ds^/kg- 
Density  of  powder  $ - 1.6  kg/dm  . 

Coefficient  f - 1.05. 

2 

Forcing  pressure  Pq  - 300  kg/c*  . 

731 
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\ + Q m l*2  or  0 - °*2* 

Adiabatic  index  * , 2 

« » r-‘"  ‘ ‘ 

“ - " °'3Md',rl.r«r.  —*‘**«a  - ,br~ 

TM «»...» -”‘°7  c.  — 

table.:  a basic  ^ convenient  and  universal. 

sequent ly  modified  and  rcn  er  Tables  I,  U.  U1’ 

, into  the  tables 

The  basic  data  enter  loading  A and  the  parameter 

and  IV  in  the  Appendix)  are  the  denst 

of  the  loading  conditions  B: 

8 el  1 

**  u2  fuifm 

at  intervals  of  0.01.  the 

n . o 0 at  intervals  of 

ties  B from  0.7  to  3.  .aximus  pressure  p„. 

T .lo  , aive  values  for  the 

The  numbers  In  Table  g jj  ,j  whcrcje_  is  the 

tt  aive  the  ratio  K 

The  numbers  in  Ta  e a is  the  adjusted 

oiectile  at  the  end  of  burning  and^0 
path  of  the  projectile 
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K 


- 5L 


+ 1 


aA 


S„  . 

f + 


a A 


f the  initial  air  space  in  the 

represents  the  ratio  of  free  vol““  instunt  of  emergence  of  the 

Instant  of  the  end  of  horning  an.  in 

projectile.  i8  necessary  for  computing  v* 

Under  given  ^ ^ ^ „ and  the  quantity  log  _7>  - 

- *“  ”;r.' ji,.  .v. ,h”“  ““ 

_ Bfl'2  (1  - *0>  - 

formula  (114).  formula  U14)  the  assumed 

” there  arC  flrSt  8Ub8lltUdt"l  1 that  formula  mill  be  written  as 


V - 29,790  w . i L - 

for  A and  B (for  example 

- ,M  o,.,.  o.  - pr...„.  (P. . 

A - - * - 2'°”  ,1'or'’  “ “ , „ ,o  ...  v—  VA>  - 

W/c*>.  « *■»  ““  B • 2-  T>b  , . ...a  o - V2-7  • ‘-909 

. 2.«.  .»<>  .V  ••  «“*  “ ^ . .«*  U - V-7 

*•  •* 

into  formula  *** 

the  projectile.  given  density  of 

4 Table  I indicates  that,  at  s 

...P.O.I..  o<  „„„ B.  * 

««**•  -•  » -<.*.»/—><“  Ial- 
««""  ,b"*  tblel„„  oI  ,b.  0O.0. r 2.,,  «. 

— :r„::o, ... .—>• - ■ ~ -“‘“t 

n 233 


__ ~i\  . L>  . (115) 

.n0.^2  E.B|(1-  VJ  V q 

“ „ t 0Y3BD 
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If  the  density  of  loading  A reaains  constant  in  a given  gun 
while  B increases,  this  is  due  principally  to  an  increase  in  the 
thickness  of  the  powder  26^  The  table  shows  that,  as  the  thickness 
2e  increases,  the  pressure  p decreases,  the  end  of  burning  moves 
closer  to  the  muzzle,  and  incomplete  combustion  may  result  from  a 
large  increase  in  B: 

-*o  *0  ' 

Analysis  of  Table  I shows  that,  in  a given  gun,  it  is  possible 
to  obtain  one  and  the  same  pressure  p^  at  different  A by  varying  B 
at  the  same  time.  Identical  pressures  pm  are  arranged  in  the  table 
along  slanting  lines  from  the  upper  left  to  the  lower  right;  for 
example,  the  pressure  p^  *■  2,400  kg/  cm  is  obtained  at  the  following 
combinations  of  A and  B,  J K/J?Q  varying  at  the  same  time. 

Table  12 

p_  - 2400  kg/cm2. 


A 

o 

* 

o 

0.50 

0.60 

0.70 

B 

1.00 

^1.39 

1.87 

2.40 

0.85 

1.43 

2.54 

4.55 

^0 

If  A increase*  as  a result  of  ai  increase  in  tbe  weight  of  the 
projectile -{and  not  as  a result  of  a decrease  in  the  chamber  volume 
W0),  an  increase  in  gj  should  reduce  B;  for  this  reason,  to  maintain 
the  same  pB,  it  is  necessary  to  increase  the  thickness  of  the  powder 
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er  a8  to  have  its  change  not  only  compensate  for 
*-X  8“Ch  “ "anner  but  also  augment  B to  the  values 

the  influence  of  the  increase  ^-der  increases. 


the  influence  oi  vn*  the  powder  increases, 

. . Table  12.  Since  the  thickness  of  P° 

Indicated  end  of  burning  Boves  closer  and  closer 

while  p_  remains  t e sa  , the  charge  in- 


while  P remains  Ab  the  charge  in- 

it  /#  increases  from  0.85  to 

to  the  muzzle  (1^/X^  croiectile 


:°  thC  "U  K ° t ,ilalt  the  initial  velocity  of  the  projectile 

; re  uses  up  to  a certa  n ’ the  veloci 


creases  up  to  ^ ^ lucrease8  further,  the  velocity 

v„  will  likewise  incre  . _tlnn  of  the  powder 


„ will  likewise  incr*.—*.  , powder. 

Q f thp  incomplete  combustion  oi  me  P 

ill  cease  increasing  because  of  the  incomp 

.........  ..  . «...  »'  ' — *•  ~ *' 

bll.  ......  o,  ...  charge  .......  unchanged  (,arge  ha.. 

.......  * „ ....earned  h,  c.a.gdng  B a.  .. 

- r ;b  r rr,.: ........ .« «.  .... ...... .... 

cated  in  the  ta  , necessary 

c<nrl,  in  this  connection,  it  1S 

than  in  the  first  case,  since,  in  tn 

to  compensate  for  the  increase  in  the  weight  of  the  c ^ 

If  A i»  changed  only  by  changing  the  weight  of  the  c 

— * - — 

- - r;:vh: .... ....... — — 

+ reverse  ratio  vBo  ,D1  1 2 

Identical  coadit.o...  «b.  crre.pcndl.g  t.  ...  c.ang.  » 

"Car.  a...  W .......  — »-  »“« 

,„...d  ...  .m-  ««»«■  _ 17<0,  .....  ..  a - 

a.  B - B and  A - O.bO.  P„ 

„ 1180-  at  A - 0.60,  B - 1-67  and  P.  - 2670. 

- 0.40,  B - 2.4  and  p,,  - l*80  • at  * 

f the  results  indicates  that,  as  A changes  from  0.40 
Comparison  o chanKCs  by(1750  - 1180)/ttl80) • 100  - 

to  0 50  l.e.,  by  25%,  the  pressure  changes  bytl 

to  0.50,  a8  A changes  fro-  0.50  to  0.60,  i.e., 

. 48%  (almost  twice  am  much)  , and  »*a  “* 

% v.  bv( 2670  - 1750)/ 1750)*  100  - 52.5%  (more 

by  20%,  the  premmure  changes  y( 

than  2.5  times  am  much). 
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Consequently,  as  the  density  of  loading  Increases,  the  same 
relative  increase  in  the  charge  is  associated  with  a larger  and 
larger  increase  in  pressure.  For  this  reason,  in  selecting  a c arge 
in  practice,  its  -eight  must  he  increased  very  cautiously  if  the  den- 
sity of  loading  is  high. 

a auction  of  Tables  tg_§olutlon_o|  Various  Problems 
With  the  aid  of  the  tables,  it  is  possible  to  solve  very  rapidly 
a number  of  problems  possessing  great  practical  importance. 

a)  Determination  of  thickness  of  powder  to  assure  attainment  o 


predetermined  maximum  pressure  pu 


If  the  data  for  the  gun  WQ,  s. 


prcuc  «.«*■*•* — 

and -l  , and  for  the  weights  of  the  charge  w and  of  the  proj 
are  known,  and  if  P.  is  predetermined,  then,  to  determine  the  thick- 
ness of  powder  to  assure  attainment  of  the  predetermined  pressure, 

there  is  first  computed  A - *•>/»„  : thlB  A lB  used  t0  e“ter  tb*  ^ 
responding  column  in  Table  I;  and  t* predetermined  pressure  is  found 

in  this  column.  In  accordance  with  the  value  of  P,,  the  Qdantlty 
i8  found  in  the  same  row  of  the  left-hand  column,  and  the  thickness 

2e  is  found  with  the  aid  of  the  following  formula: 


2e, 


il  \J  d*. 


Using  the  same  value  of  * and  the  value  of  B found  fro-  Table  I, 

Table  II  i.  used  to  find  V*0  V ^ th*  18  C°"P“red 

wlth  JA  to  determine  whether  all  of  the  powder  burns  Cl*  <V  or 

does  not  burn  (JK>  V 1“  *>re*  The  ProcedUre  “d°Pted  ^ 

solution  -a,  be  represented  by  the  following  scheme. 
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Example 
Table  I 

Table  1 Table  II 

A f * ‘ V60 

^ P <i  B - 1.90*"Pb  " 2365 

B PaB  J~  ^K  >n  , 


O 1 

PbB  ->•  J-  •+■*1  >\ 
•A  n 


Table  II 
A • 0.60 

B - 1.90  — “ 2.60 


^BfuscfuT  2e  ^ 


^^TTTTio4  •^1-05  ■ ” 


,,  „ B.  do««r.i«a  .llb.r  .!.»  l»'  *“ 

The  quantity  ® y 

following  pyrostatic  formula: 

0. 17  5 (N  - 6. 36 HO 

Ul  ' 0.04(220°  - t°)  ^ 3h  v h* 

aid  of  the  tabulation  presented  below,  which  gives  an 
or  with  the  aid  of  tn  der  (which  is 

approximate  dependence  upon  the  thicknes  ^ pyroxylln  powders, 

connected  with  the  varying  volatile  con 


Table  13 


Ordinary  pyroxylin  powders 


'phlegmatized  i 
powders  I 


T7TTTriTr[Tr[i^^ 

2e1#  »■  U*  ¥ “T 

l . 1{?7dm  . *8  90  80  75  70  65  62  I ? 

K 10  dP  1 L l— 1 1 

L J empirical 

It  i.  -I-  PO-lble  t0  the  total  volatile 

formula,  which  give,  the  dependence  of  «,  •*>■ 

content.  _ 0.0000120  - 0. 0000010 (»> . 

1 

. . of  length  of  path  of  projectile  to  assure 
b)  Determination  of  1 8 rf„termined  loading 

”*"r  “ 
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conditions.  Given  are  the  gun  caliber  d,  the  bore  cross  section  s 
(including:  the  grooves),  the  volume  of  the  chamber  WQ,  the  weight 
of  the  projectile  q,  the  weight  of  the  charges,  and  the  required 
initial  velocity  of  the  projectile  vfl  ; let  the  magnitude  of  the 
maximum  pressure  p^  likewise  be  predetermined.  It  is  necessary  to 
find  the  length  of  the  path  of  the  projectile^. 

To  start  with,  A - *o/W  is  computed;  in  the  column  of  Table  I 
corresponding  to  this  A , we  find  the  predetermined  pm,  whereupon 
we  use  the  latter  to  determine  B.  At  these  values  for  A and  B,  we 
find  from  Table  II,  log  _ 1 + B0  2 (1  - z0>2_.  from  Table  IV. 

From  formula  (115)  for  the  velocity  in  the  second  period,  we 


f indJ^,: 


+ 1 - a A 


[■-=!»-  v2  f . 


(1  - aA) 


(116) 


All  Qu&Dtlties  entering  into  the  right-hand  side  of  fonula 
(116)  are  known. 

Formula  (116)  makes  it  possible  to  determine  that  path  of  the 
projectile  along  the  bore  which  will  assure  the  attainment  of  the 
predetermined  initial  velocity  under  the  given  pressure  pM;  the  thick- 
ness of  the  powder  will  be  determined  in  accordance  with  the  scheme 
of  the  first  problem. 

Analysis  of  the  tables  of  Professor  N.  F.  Drozdov  and  the  above 
exemplary  problems  that  can  be  solved  with  their  aid  show  their 
importance  for  the  practice  of  artillery  and  their  convenience  and 
flexibility  for  ballistic  design  and  for  the  choice  of  powder,  whereas 
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elv  tbe  general  character  of  the  variation 
empirical  tables  express  «er  tioe  without 

. velocity  as  functions  of  the  path  a 

, ... ...  — • -t  r;:;. ... 

* — ~n --  * — 

t oe  ^ . 0.M,  lor  . —... 

characteris  . dm  k(t  Practice  has  shown,  how- 

force  of  the  powder  f - 950,000  kg  ' * ,lth  seven 

.....  .....  .....  — ‘ Cb"8°- 

it«  tn  firing  that  are  practically 

perforations  gives  resu  powder  lf  the  thicknesses 

with  the  results  obtained  with  str  P VP* 

of  the  powders  arc  related  as  follows. 

2ex  Btrip-type  ' *7  2®1  7 P<>«-f°”ti0nS  ^ 

2el  with  7 perforations  " 75  2C1  strip-type 
t thc  table8  of  Professor  Drozdov  for  computing  the  action 
In  using  the  thickness  must  be  multi- 

. with  seven  perforations,  it 

of  a powder  with  seven  solved  aB  ln  the  case 

plied  by  10/7,  whereupon  the  entire  pro 

...1P-.TP-  tBe  end  o,  or  po...r 

It  is  true,  of  course,  correspond  to  the 

a the  JH  /!  obtained  from  the  tables 

and  the  V^O  „even  perforations  having  decomposition 

actual  values  for  a pow  lg  ha5  been  shown 

- •*  .......  - 

m ......  **  „d  ,i.r, ......  p..- 

pr..„,.  ......  «<  V»*“"  - W 

*-**-  - ‘i“,t  *t m ..... ............ 

If  the  full  thickness  +/>  th  * 

i.  ........ .» ■"  *,rlp-,,p*  po"‘": 

j.l  ,llh  7 p.r.or.tl...  ~.Q  Cl  * trlt>~tTP*‘') 
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t . \ . “ 1.532  e . . « perforations 

(el  +/,)with  7 perforations  1 wltn  ' ** 

7 _ i 07  • 

- 1.532  — strlp„type  * 1 strip-type 

Consequently,  the  lull  thickness  of  the  powder  with  seven  perforations 
together  with  the  thickness  of  the  decomposition  products  is  somewhat 
greater  than  the  thickness  of  the  equivalent  strip-type  powder,  and 
for  this  reason  its  end  of  burning  will  be  found  to  be  somewhat  far- 
ther than  in  the  case  of  strip-type  powder,  and  the  J^JQ  determined 
fro.  the  tables  will  be  somewhat  smaller  than  the  true  value.  As  con- 
cern- the  utilization  of  the  tables  at  a propellant  force  of  the  powder 
f a 950,000,  to  determine  the  pressure  PB  it  is  possible, 
the  table-  p.  at  a given  B,  to  multiply  it  by  the  ratio  f/950,000, 

where  f,  is  the  new  propeilant  force  of  the  powder.  On  the  other 

v the  value  obtained  by  computation 
hand,  to  determine  the  velocity  v^,  tne 

must  be  multiplied  by 

These  values  will  be  approximate,  since  the  pathsiB  and  will 
also  change  simultaneously  with  p.  and  V but,  for  purposes  of  taking 
into  account  the  order  of  the  corrections  of  the  values  of  P,  and  v„  , 
the,  say  be  employed  as  a first  approximation  and  in  the  presence  of 
. force  not  too  different  fro.  the  normal  value  of  950,000  kg  • <Wkg  - 

- 95  t • m/kg. 

At  cf  / 1.05,  it  i.  possible  also  to  apply  a correction  to  the 
value  of  v„  in  accordance  with  the  following  for*.la : 


A i Ht 


T 


ntitv  P ^ clearly  independent  of  . 

At  a given  B,  the  quantity  Pm 

2.  TABLES  OP  CHAIR  OP  ■««»«■  BALLISTICS 

initiative  of  Professor  1.  *•  Grave, 

lft  1933,  on  the  lnitl  Artlllery  Academy  compiled 

. Ballistics  of  the  Dzerzhinskli  Artll 
of  Internal  Bal  powder  with  a constant 

. -f  and  *P  for 

tobies  lot  ““P  v“  U b long  tubular  posder. 

H i f led  by  Professor  Grave. 

of  Bianchi,  as  edified  by  table. ; 

were  assumed  in 

The  following  constants 

x b 6 x - i,  A - °.  9 - °-2’  Vf  " °-035* 

a _ 0.98,  £ ~ i-6-  density  of  loading  A and  the 

ftntuleg  used  were  the  densi  y 

The  basic  quantlt  the  recip- 

poro-tbr  o,  t».  IO.H1..  ubbdltlou.  » - ^ ^ ^ 

rocal  quantity  C -9/ H.  It  is  not  diffic 

C “ 0.1  B.  , the  quantity  C, 

»*,At  left-hand  column  contains  the  qu 

ID  the;:;;ll,  0.10  to  0.40  at  intervals  of  0.01,  and 

which  varies  ^ corresponding  quantity  H - 0.2/C,  which 

the  next  column  con  ^ loading  densities  in  the 

conuulf ur»l T — ^ ...  lotur,al“  .«  ..«• 

"tP*r  b°rl“”"'  I’llbl...  lot  .1.  loadlug  A...1U..  >«b 

°!  “7PC  ,to.  0.10  .0  0.00,  tbor.  At.  -tit...  « CbtfopobOlb. 

,n  -Alb.,  »<  <t«  s /x  _ >nd  VJ  „0  »I  «b.  t~ 

values  of  the  ratios  Pm  ’ f?  * 0 o to  the  formula  for  the 

—titles  D and  B,  which  enter  Into  the  for 
auxiliary  quantities 

muzzle  velocity  of  the  projectile: 

r*  t ' I 


D - 1 


-cfr*  - 1 - C(1  - to'  ’ 


.( ,-.aoiy  . 
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BV 


It  is  not  difficult  to  soe  that  this  formula  coincides  with  the 
previously  derived  formula  for  the  veiocity  in  the  second  period  and 
,1th  the  formula  presented  in  the  initial  table  of  Professor  Drozdov, 
since,  for  a powder  with  a constant  burning  area,  1 - C(1  - f Q) 


1 - B0/2(l  - * ) * and: 


1 - nd  + 


'vi  Q 
“ ^ 1 


The  quantity  <f  enters  into  the  parameter  H or  C. 

Having  found  for  a given  set  of  A and  C the  values  of  PB/f  and 
pK/f  and  knowing  the  propellant  force  of  the  powder  f,  -e  obtain  the 
values  for  p^  and  p^;  and  having  found  aQd  k“°’lng 

J!  - *0/»,  we  find^B  and  Jt 

0 We  thus  find  the  nodal  points  of  the  pressure  curve:  the  maximum 
pressure  p,  and  its  position  in  the  bore,  i.e.,  the  path  of  the  pro- 
jectile J , as  well  as  the  pressure  p^  at  the  instant  of  complete 
combustion  of  the  powder  and  the  corresponding  path  of  the  projectile 
JJK;  thereupon,  having  found  B and  D from  the  tables  by  means  of  for- 
mula (117),  we  determine  with  the  aid  of  a simple  computation  the 
v®  lue  of  the  huzzIg  velocity 

If,  in  the  presence  of  the  identical  constants,  values  for  p_ 
and  v^,  are  computed  from  the  tables  of  Professor  Drozdov  and  from  the 
tables  of  the  Chair,  the  tables  of  the  Chair  are  found  to  give  lower 


values  for  p and  . n 

,or  example,  .or  * - 950,000,  T - -05,  - - 0.60,  B - 2 0 _ 

c - 0.2,  and-Vi0  - 5,  *e  obtain  on  the  basis  of  the  tables  o ro 

fessor  Drozdov : 

2 -ti 


L 


2 im  „ n c30*  -3  - 2.96; 
- 2255  kg,  cm  , 3—  " 


B0 


(1 


v2]  - 


0.510; 


, , tv,.  Chair  in  the  presence  of  the  same  constants 

whereas  the  tables  of  the  Chair,  in  tn  v 

and  loading  conditions,  give: 


Drozdov  and  of  the  Chair,  respectively. 

...  o,  Pro,..—  "roroo..  P.  — “ 101 

(22S5,20«  - - «»  V»  1510/500  - l'02’ 

higher,  than  using  the  tables  of  the  Chair. 

The  formula  for  : 


X_  " 


B(  1 + Q) 


- 2*A 


^4nrr«Bie>  * • O'  * and  consequently  also  Pm  all 
shows  that,  as  increases,  y m> 
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I 


„ ««  »>  *-  th-*' 

- — • “ •i“*t  pr°rr°r- 

...  ....Itcd.  o,  tb.  for.  cbaracterlatlc  ‘ “ 

fessor  Drozdov.  e,uaU  1-06.  -hile.  in  the  tables  of  the  Chair.  X - 

for  a po-der  with  a constant  burning  area. 

„ fi%  of  the  10%  differo.ee  in  pressure  Bust  have 
For  this  reason,  6%  ox  tnc 

been  obtained  at  the  expense  ofX!  as  concerns  the 

ference,  it  is  expiained  by  tb.  ~di f ieation  Introduced  by  Professor 
p.  Grave  to  integrate  the  differential  equation  connecting  the  pa 
J and  x.  This  approxi.ate  supplementary  edification  leads  to  an  in- 
creased value  for  the  path,?  and  to  a lower  pressure  as  co.pared  with 
jj  and  p.  obtained  by  the  exact  -ethod  of  Professor  Drozdov. 

But  it  a comparison  is  -ade  of  the  results  of  computations  of 
the  velocity  v„  under  the  identical  maximum  pressure  P.  and  under  the 

identical  loading  conditions  * . V th*“  °‘  ^ 

Chair  give  values  for  vfl  that  are  somewhat  higher  than  the  vfl  obtains 
ln  accordance  with  the  tables  of  Professor  Drozdov;  in  this  connection, 
the  quantity  i,  - the  path  of  the  projectile  at  the  end  of  burning  of 
the  powder  - 1.  smaller  than  is  obtained  with  the  aid  of  the  tables  of 

Professor  Drozdov. 

The  fundamental  disadvantage  of  the  tables  of  the  Chair  resides 
1.  tb.  tact  that.  It  tb.  P~p.ll.at  .etc.  at  tb.  pcC  tb. 

torcta,  peace  P„  al-dta—-1'  dd”'*1”"11’-  ‘1“"' 

in  the  tables,  Po/t  - const.  - 0.035. 

I.  ...  ca...  It  abode  »•  Pol««e  »”«  ” H“* 

„,b.d.  .00  .ap.ct.llt  .at  tab...  tor-l.t..  o.  «.  ba.l.  at  a~b  a 
Mtbod  at  d.flatt.  ..1C  tor  tb.  cocta.ta.  c.ac.  ,ldd  petet  ^ 
i|iMa.tt  ..tb  .ap.tlca.al  data  obtalaad  b,  .Ida,  Oltt.ea. 
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Thls  is  due  to  the  fact  that  the  relations  employed  to  account 
lor  the  phenomena  accompanying  the  shot,  as  -ell  as  all  methods  of 
solution,  are  to  one  or  another  degree  approximate  -ith  respect  to 

the  actual  phenomenon  of  the  shot. 

This  circumstance  demands  preliminary  computations  for 

.« — ■»»  *«  ■“  •'  ""ch  ‘h'  ““ 

.bt.l-d  .to,.  to  ~ col.cid.nl  .lib  «ho 

- V and  i );  and  each  method  demands  the 

results  of  firing  tests  Cp^,  a*  m 

. must  irive  the  best  agreement 

selection  of  its  o.n  constants,  -hich  must  give 

with  the  results  of  firing  tests. 

For  example,  to  obtain  the  data  for  Pm  and  % , the  g 
Of  burning  demand,  certain  constants,  -hile  the  physical  ia-  of  burn- 
ing demands  other  constants. 

As  concerns  the  application  of  the  tables  of  the  Chair  of  internal 
Ballistics  to  the  investigation  of  the  Influence  of  various  loading 
conditions,  as  -ell  as  to  the  solution  of  a series  of  direct  and  in 
ver.e  problems,  all  the  statement,  made  above  relating  to  the  use  of 
the  table-  of  Professor  Droadov  remains  in  force  for  the  tables  o 

the  Chair  as  well. 

...  «o  d.t.r.1..  *“  ,h'  P“’a"  “ 

of  • pr.d.,.r.t».d  P™~"  P.  *t*  'W1U"‘ 

of  tb.  po.O.r  f 1.  *«  *■  POC....Pf  fir-  «»  “■*  ■W'  • 

,b„„po».  ualnB  tb.  t.bl.,  tb.  ...*•<•">"«'  P*"  “ 

tb.  c.rr..po.dl»«  i ■ C or  ■ .r.  «.»•«  .c.ordlc.1,  to  ««>■  ~*- 
..d  , tb.tr,  tb.  «blc«~.d  of  tb.  po.dor  2.,  ..  d.t.r....d  -coord- 
ance  -1th  the  following  formulas: 


2Ci  „ \/lOCf««,  - - ^ * 
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The  following  scheme  is  employed  in  using  the  tables: 

A 

I 

P 

(H)  - C - — 

/ f 

2ui 


2e  . 


Once  the  thickness  of  the  powder  with  a constant  burning  area 
(tubular  powder)  has  been  found,  the  wall  thickness  of  a grain  with 
seven  perforations  can  be  determined  by  multiplying  2e^  by  the  coef- 
ficient 0.75,  the  reverse  transition  involving  multiplication  by  43. 
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1.  AN I I Tables  (1933). 

Tb.  ,.»„.  o,  Professor  ».  P.  f—Bov  and  «<  .«  Ch.tr  o, 

V H nossible  to  find  the  .axi.u.  pressure  p., 
nal  Ballistics  sake  it  possible  locatlon 

_ the  end  of  burning,  and  its  locat 

location  t , the  pressure  PK  at 

, i„  order  bo  . t-  — 1 <-»->  *B* 

p^.ct.td,  r.  t.  « -'«•»  —"7-  “ 

tbi.  — it,  depend.  BPOB  th.  — »«  “*  ~ “““  '/  he 

BO  BOB  Bb.ob.0B.bB0  ...bo.  Bob  P,  „ - * . •»-  Bo  bo. 

In  Bo  BOOOnnB  the  ,i.«  .«  •«  *-  BhBoo.h  .he  Bob. 

of  the  tP1  further  step  forward  and 

The  AM  1 1 Tables  (1933)  represented  a further 

eo„..B.o.M,  Bad  llBBtcd  the  oobBbo.  o,  Bhe  h.U.BB.c  oo.peB.B.OB  o, 

«B.  Bob.uI.B.B  o»  Bhe  b..i.  of  .he  oob.b.b,.  ..  .»»•. 

useB  b,  PBof.B.OB  0BO.0OV,  .bB  ,h.  oo.pet.ttoo.  te.Blop  to  the.  -•BO 
based  - »t.  — Us:  .be,  «.  ee.pbteB  »,  ,b.  ...bed  .« 

Integration.  Pot  a .....  «-«  •«  * “V" 

B.  using  a s.B.p-.PP.  PO-Bet  .ttb  «b«  cb.B.b.eri.ttc.  » - 1-0.  *» 

-0.06.  they  sake  it  possible  to  find  curves  for  the  gas  pressure, 
the  velocity  of  the  projectile,  and  the  ti.e  of  -otion  as  fu"Ctl°“ 
of  the  path  of  the  projectile  through  the  bore,  thus  per.itt  ng 
cosplete  solution  of  the  fundasental  probless  of  internal  ballistics, 

both  direct  and  inverse. 

The  arrange sent  of  the  table,  is  apparent  fro.  the  sche-e  pre- 
sented on  page  748.  They  are  formated  for  loading  densities  ra«- 
ing  fro.  0.05  to  0.95;  one  page  is  reserved  for  each  A -terva,™ 
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14  is  ak  vk  A.  vb 


I 0.7  334  427  590 

0.8  235  391  542 

0.9  2X8  364  904 


Second  2044  2057  gJJ  q.525  821 

Perl0d  llll  Toll  0:593  834  o!  593  834 


Tabultr~W®*ocltie8 


3*0  162  268  259 

3*0  149  235  302 


1868  1888  2.944  1296  0.628  596 

1716  1741  10*.  12  1 584  0.57  5 485 


0.1 

0.2 

0.3 

0.7 

59 

92 

110 

0.8 

60 

95 

117 

0.9 

62 

98 

120 

Tabul  arjl  l»e  s 


2*.0  74  131  153 

: : : I 

3.0  80  134  173  * 


FirBt 

period 


14 

15 

ak 

lK 

A 

m 

t 

a 

901 

923 

944 

950 

973 

993 

0.448 

0.525 

0.593 

* 

131 

150 

175 

0.448 

0.525 

0.593 

131 

150 

166 

1125 

1179 

2.944 

457 

0.628 

222 

1 1285 

1343 

10.12 

1027 

0.575 

242 

f0  - 0.03173 


zQ  - 0. 03009 
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of  0.01;  the  basic  numbers  are  the  parameter  B and  the  relative  length 
of  path  of  the  projectile  A “ t/f^,  where  is  the  corrected  length 
of  the  chamber  (in  these  tables,  as  in  the  tables  of  Professor  Drozdov, 
it  is  designated  as  1 . The  parameter  B varies  from  0.7  to  3,  and 
at  A greater  than  0.80  it  varies  from  1.2  to  4;  A varies  from  0 to  15 
at  unequal  intervals,  which  at  first  are  smaller  (0.1)  and  subsequent- 
ly increase  (to  1). 

The  velocities  and  times  are  given  in  the  tables  in  arbitrary 
units,  and  in  order  to  obtain  the  actual  velocity  of  the  projectile 
the  tabular  velocity  values  vtQbnust  be  mul  tipi  led  by  \/c~>  q . To  obtain 
the  actual  time  of  motion  of  the  projectile,  the  tabular  t must  be 


■ultiplied  by  t ( 


10 


-6 


if  tQ  is  expressed  in  decimeters: 


1 “ ttab10\/  J 


10 


tab 


VS 


In  each  of  the  three  tables,  there  are  recorded  on  the  right- 
hand  side  the  exact  values  of  the  quantities  corresponding  to  the 
maximum  pressure  and  to  the  end  of  burning;  i.e.,  pR,  p^,  vR,  va,  tR, 


and  t are  given  for  A - 7 /tn  and  for  A,  - 7 7 . 

m m m u K a o 


The  heavy  broken  line  marks  those  intervals  between  neighboring 
values  of  A between  which  the  end  of  burning  of  the  powder  is  located. 

To  the  left  and  downward  from  this  broken  line  are  located  the 
values  of  p,  v,  and  t corresponding  to  the  first  period  of  the  shot; 
those  corresponding  to  the  second  period  are  located  to  the  right 
and  upward  from  the  broken  line. 

As  B increases,  and  consequently  as  the  thickness  of  the  powder 
at  a given  A increases,  the  end  of  burning  shifts  closer  and  closer 
to  the  muzzle  face. 
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, f i /I  -Ar  is  contained  in  the  fourth  col- 

The  exact  value  of  k . 

JT  a <TA  - t /t  . i-his  signifies  that  th 
umn  from  the  right.  If  A <A^  fl  0 

, . . ha  >A  , It  means  that  the 

burning  of  the  powder  is  complete,  ifAK>Afl, 

powder  does  not  burn  completely  in  the  bore. 

pOWQe  rsf  A - 0 1-0.7  show  that 

The  thin  vertical  lines  in  the  range  A - 

pressure  p is  located  In  this  region  (in  the  par 
the  maximum  pressure  pm 

interval  marked  by  the  thin  vertical  line). 

„ ... «« ..  c-  — *—  - 

...  •• « *—•*  •'  pr",',ro  “ 

given  A • tables  is  presented  in 

A detailed  description  of  the  use  of  the  tables 

the  tables  themselves.  1902  model 

Examgl_e_and_£rocedui^ — for_com£u^at_ion . 

gun: 

— — • *.■ 


,o  . • - 0.«.3  V <■  - •»* 


CJ  - 0.900  kg;  2ex  - 1 


0.04  dm;  u 


0.0000075 


dm.  *S 

sec*  da2 


Computation  of  constants: 

0.900  t . ][£  - — 3.53  dm; 

A - — * — - 0.543;  l 0.4693 

W0  1.654  ° 


ity  » sec 


X el  0.005  _ 

- -A  - ^ - 5.20;  Ig  - ^ " 0.0000075 

s2Ij  O.ASea2^^?2-98-1  - - 1.645  ~ 1.65;  <f-  l-03  + 3 6.5~  " 1*076’ 

B “ " 95-104*0.90-l.oa-«».5 


/ 1.05«r_  / 0.900*  It 

1 . 076q  V 6*5'1*07 


05  - 0.368; 
076 
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■on/? 


j iu_6  . 3.53  - 0.0000096. 

05cj 


A11  ...  — - ««•  “•  'iib 
„ j:l •« — •“  ■ '-6 

Th.  .or  , - « oo 

»<  - -*»  ' “ “ 'I  o,  .50  .06...  o,  P~- 

*“  *'’‘Ch  ""  “ „ .„ctl,  .6.  .0.6  -0666.  « 

......  6.  F.  Dr.oOov  ...  >”  ’ ^ ,,  po„1.„  „ 

aid  of  the  ANII  Tables.  By  using  these  v and  the 

length  of  the  path  necessary  In  plunni 

ZlC  vel°city-  A , the  quantity  PB  is 

To  solve  this  last  problem  at  a gi 

find  B and  then  the  thickness  of  the  powder  2c  ^ 
used  to  fin  1 . 05/y  Is  found,  and 


predetermined  va  lue  of  ‘ £ v Qf  B found  to  seel  the 

the  table  of  velocities  is  used  at  th 

th  By  ascending  the  colusn,  AA 

Atab. 


, r v By  ascending  the  colusn, A ; 

colu-n  containing  the  value  of  vfl  - 


. T are  determined, 

and  then  X ^ solution  -ill  be  represent- 

Sche.atically,  this  procedure  for 

ed  as  follows: 

Pressures 

2u  i 


a 

1 


2u  i t 

2e  j — VBfw^* 


B 


s' 

Velocities 


-A. 


• V Aa.  t. 


->  V 


tab. 
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^ rule  for  conversion 

T„.  Tables  are 

tro.  lb.  Ibicbb...  .1  «».  "* 

to  lb.  thlcksess  .1  a «r.l. 


2e 


1 with  7 perforations 


- 0.7 


2e , 


?1  strip-type 

t ♦ 1 1 Tables,  the  time  of  passage 

TVafnr.ts  of  ANI1  Tables-  In  the  ANII  Tab 

* a - 0.1  is  computed 

by  the  projectile  of  the  first  segment  from 

r-arlv  twice  as  small  as  the  values  com 
incorrectly;  these  values  are  nearly  twice 

h the  BOre  exact  formulas  proposed  by  Professor 
outed  in  accordance  with  the  more 

p _ . thls  error.  This  error  distorts  the 

E L.  Bravin/- 1 1_^ » -»>o  noticed  this  err 

nt  Qf  the  curves  for  the  pressure,  velocity,  and  path  as 
first  segment  of  the  cu  aBOUnt 

. eMft«  all  curves  toward  the  origin  uy 
functions  of  time  and  shifts  all  cur 

equal  to  the  magnitude  of  the  error. 

Professor  Bravin  proposed  a formula  to  permit  compute 
great  degree  of  exactness  the  first  element  of  time  during  the  pas- 
sage of  the  path  A - 0.1,  provided  that  there  are  given  curves 

m * nn t h which  is  exactly 
velocity  as  functions  of  the  path, 
the  pressure  and  velocity 

what  is  available  in  the  ANII  Tables.  ^ 

Having  an  initial  pressure  p0  - 300  hg/c.*,  the  pressure  p and 

the  velocity  V (the  latter  two  corresponding  to  the  path  A ^ . 

+<-*»  interval  t 1 in  accordance  with  the 
it  is  possible  to  compute  the  time  in 

following  formula: 


..........  „...3;r-. 

..  . • m o 1,  there  is  found  the  constant 

responding  to  the  same  path  A - 0.1, 

^ , i to  each  time  vatue  j 


responding  to  the  same  P-th  ^ • . T,lue  found 

.4  .t.  . t’  - f.  which  must  be  added  to  each  time 

correction  .At  - t Vi' 
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, the  Tables.  Professor  Bravin  derived  tables 

» - «.«-  « **•  **»  t-bi“  ,or  ,”iou’*  ”d 

" :~z:z 

Tables  suffer  from  P°ori>  y either 

usinK  them,  it  is  recommended  eithe 
. For  this  reason,  in  using 

misprints.  . the  departure 

c which  will  make  it  possible,  by  me  y 
to  construct  curves,  which  mil  ^ pay 

. -ediately  to  detect  errors  and  misprints, 
of  points,  immediately  to  varl;ilion  of  the 

close  attention  to  the  consistent  character  o > 

quantity  being  determined  with  the  aid  of  the  tables  Cp,  W tab. 

X.  spite  of  these  defects,  the  ANU  Tables  represent  a goo 

ln  the  solution  of  the  most  diverse,  both  direct  and  inverse,  pr  - 

u-  i.  i«.~* - *■ *-  “”‘*uc  ° 7,  ;mi 

Some  additional  applications  of  tables  of  the  type  o 

» « — - *“  a°*18"  *' 

2,  GAU  Tables  (1942) 

. 14_hpd  the  more  convenient  and  exact 
There  have  now  been  published  the  mo 

, f 1942  Which  are  formulated  on  the  same  general  pr  n 

GAO  Tables  of  1942,  whic 

, w t .ith  a different  arrangement  of  the 

ciple  as  the  ANII  Tables,  but  with 

— — Tir  “ rrr — ; — 

range  of  variation  of  the  parameter 
the  gao  Tables  (from  zero  to  4.0). 

T*.  „ — — ■ — ' “•  “™“”  - 
e.  ...-»«■«  - - - e7;-;zi;2-7„,  „,t  . — 

They  consist  of  four  parts.  The  firs 
* * — >-  - “-1"1  "w,,“ 


- ▼ 


and  the  third  the  tables  of  nominal  times  ’ STATIC 
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sJZT/w.  With  the  aid  of  these  tables,  it  is  possible  to  conduct  all 
ballistic  computations  of  a gun  in  designing  an  artillery  system.  How- 
ever, for  convenience  in  computation,  the  three  parts  mentioned  above 
are  supplemented  by  a fourth,  which  comprises  special  tables  for  bal- 
listic  computation  (TBR) . 

The  tables  of  pressures,  velocities,  and  times  are  characterized 
by  the  density  of  loading,  whose  values  are  given  from  0.05  to  0.95 

kg/dm3  at  0.01  kg  dm3  intervals. 

The  basic  numbers  in  the  tables  of  pressures,  velocities,  and 

times  are  the  quantities: 


B 


2, 2 

F lK 


and  the  relative  path  of  the  projectile: 

A - f • 

0 

The  values  of  A in  each  table  are  varied  in  the  range  of  0-20  at 
varying  intervals.  In  each  of  the  three  tables,  there  are  also  con- 
tained exact  values  for  the  quantities  A„»  AK.  P„>  PK»  vTm*  VTK'  tTm* 
and  tTE,  which  correspond  to  the  instant  of  attainment  of  maximum 
powder-gas  pressure  in  the  barrel  and  to  the  instant  of  the  end  of 
burning  of  the  powder.  The  pressures  are  given  in  kg/cm2. 

The  tables  of  pressures  have  the  following  form  (cf.  scheme). 

In  the  tables  of  the  first  part,  there  are  presented  the  true 
values  for  the  pressures  corresponding  to  the  predetermined  values  of 
A,  B,  andA.  By  taking  in  the  tablesA  from  0.1  toA^-  **/*<)  for 
the  given  gun,  we  shall  obtain  the  corresponding  values  for  the  pres- 
sure in  kg/cm2  and  shall  be  able  to  plot  by  points  the  P-Aor  P~  ?g«*rve. 
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1 


- — ™ 

- - r ■.  - - - 

ively,  v and  vR  in  tne 


m 

lowing  expression: 


v - v 


tab . 


t * t 


tab . 0 


n±3. 

CO 


10 


-6 


.here  t0  !•  1«  decimeters. 


0 formulated  on  the  basis  of  the  following  data. 

The  table-  are  formulate  ^ Rg  . dn/kg 

Propellant  force  of  powder 

Q - 1.00  dm3/ kg 

Covolume  3 

. £ - 1.6  kg/ dm 

Specific  gravity  of  powder 

p - 300  kg/ cm* 

initial  pressure  ,ade  ln  formulating 

t Edition  the  following  assumptions  wer 

In  additio  „X--0.06.  The  velocities  and  times 

the  tables:  0-  0.2,  « • • computed  on  the 

of  motion  of  the  projectile  through  the  bor 

condition  that  H - 1.  COBputations  should  be  summarized  in 

The  results  obtained  b,  the  at  the 

the  for.  of  a -Table  of  Principal  Element,  of 

following  data:  ^ . . 0.9165  dm’;  X,-  3—  ‘ * 

d - 107  mm;  w0  , Q,  + 1 « - 1.109; 


/ 2 a>  - 0 1765;  «f  - 1-05  + if  " 1,109; 
- 3.0  kg;  P»  - 3500  kg/c.2;  - “ °’176  T 3 1 
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t _ _ 5.019  da;  A - l/L  - 6.814;  4-  0.65  (rounded  off  to  0.01) 

0 “ s ’ A X0 


v. 


u) 


0.399;  n 


fit*  10~6  - 12.56 
cj 


10 


-6 


Summary  of  Results  Obtained 


y\ 

0 

0.2 

r 

0.4  . 

r 

A - 0.623 

n 



Z dm 

0 

1.00 

2.01 

3. 13 

p kg/ca2 

300 

2008 

2415 

2 500 

vtab. 

0 

294 

472 

623 

v - nvy tab. 

0 

117 

188 

249 

* tab. 

0 

204 

2 58 

299 

t • io3 

sec 

0 

2. 57 

3.24 

3.76 

1 . 0 


2.0 


5.02 
2361 
816 
32  5 
351 
4.41 


10.04 
1827 
1136 
4 53 
4 52 
.68 


£ 


A -3.19 

K 

5.0  | 

A - 6.814 

A 

16.01 

25.  10 

34.20 

1392 

850 

602 

1568 

1565 

1686 

546 

624 

673 

546 

667 

779 

6.86 

8.38 

1 

9.79 

ru.orvw  4 - TABLES  BASED  ON  GENERALIZED  FORMULAS  WITH 
REDUCED  NUMhJJH  0?  jgjggETEgg  AMD  WITH  KELAiiVk  vak^LES 

1.  FORMULAS  AND  TABLES  OF  PROFESSOR  B.N.  OKUNEV. 

Toward  the  end  of  the  thirties,  there  were  published  several 
investigations  in  which  grouping,  of  para-eters  and  relative  variables 
were  introduced  for  the  purpose  of  reducing  the  large  nusber  of  para- 
.eters  and  characteristic  constants,  as  well  as  for  the  purpose  of 
avoiding  absolute  value,  for  the  principal  ele-ents  of  the  shot. 

Such  investigation,  include  those  by  the  Soviet  workers  Profes- 
sor N.F.  Drozdov/- 16_7 , Professor  B.N.  Okunev/-13_7 , M.S.  Gorokhov 
and  A.  I . Sviridov/- 14_7»  and  Professor  G.V.  0ppokov^l5_7. 

As  an  etaaple,  we  shall  consider  the  sethod  of  Professor  Okunev, 


1 


In  which  there  Introduced  the  r.l.«l»e  ~rl.bl«  P,  - t/Pl- 


fA 


1 - aA 


v - 


c/a  vnp  y ^ — 

; x - t/T,  where  T - ^ » 1 - aA 

o / 2 „ / H and 

Z/7  ; and  the  generalized  parameters  y BO  y O ^ 


1 - # 


' 'pre«..tr  L« ' 1®  <». 

*,  which  ...  introduced  »,  ».  1.  <cr  the  c.put.tlo.  el 

y -A.  - x4* 


x - 


A _ 2. 
1 - aA  r. 


Let  us  divide  by  1 - aAthe  numerator  and  denominator  of  the 
formula  for  pressure: 


p - f A 


m - BQ  x2 



A + A 


where 


(“  - i)  *■ 

By  transferring  to  the  left,  and  keeping  in  mind  that 

■A“  1 " * -(rrlar ^ A-  (A^'  1)f  ' 


T - X 

Ay  1 _ aA 


A - 1 - £ - A 
1 *-  Ip  s 


1 - aA 


where 


A ^ 

A.  - — A . 

A i _ aA 


me  obtain  the  tabular  pressure: 

^tab. 


xf  + x 
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where 


«•  V 

ptab.  pj 


. .v  <,4rit>n  of  the  differential  equation: 
After  dividing  both  sides  of 


dL  B _x L - - -1<*S  - l)Ui  " 2«*x) 

dx  Bj  f(x)  S 


by  i - ad,  we  obtain  the  following  equation: 


d(Xt  + X) 
dx 


+ — -ST -Y(X* 
B j <(x) 


(X*  ♦ X)  - - (Aa-  iHki  - 2kAx). 


Consideration  of  the  expressions  derived  above  shows  that  the 

.»•  —««  * ■-  *■  *”  "r*1  p*rio'’ 

°<  •*«“  *■  — 

only  five: 

e , v . B‘ 

In  the  second  period: 

/ a a \ i +e  A + x K V +° 

-0-rr)  • 

j r the  pressure  naxinue  and  at  the 

The  values  of  Ptab.  and  X at  tn  v 

end  of  burning  depend  upon  the  sa-  five  para-eters.  It  should, 

however,  be  noted  that,  instead  of  P0.  the  para-eters  include  0" 

At  a predetermined  zQ,  different  PQ  -ill  be  obtained  at  differen 

a d B so  that,  in  for— ulating  the  tables,  it  is 

values  of  x ,Aa,  »*»d  B»  90  tn**' 

; , t — - *«—  v “ *•« 

„ .cc.  co ..  - - - — — -rt~-  “ r:, 

,.  „cc.,....C  .»».  * “•**■  »■  *“  IOr- 
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lio  „..t  c.p.cl«»>  1 * ® “« 

t»  po*4er.  I.:,*  ■ "*  “*  ^ % >(  »‘>lm“’1  *"d  “ 

4««rf  the  values  of  Ptab.  f tables  with  three 

determined,  the  form  of  taoie 

«-  - •« c”  *-  — —*7 

entries:  A4,  B,  and  zQ  * valueS  are  the  propellant  force 

•hich  have  not  received  e ^ ^ po,der  a,  and  the  density 

the  powder  i,  the  covolu-e  iblc  lo  vary  the  propellant 

1 *e- 

«“*  “ *7  ZtVZZZll  ....  OKunS*  ..  « * — *- 

This  principle  « table,  the  values  for  Ptab/ 

— to  7 In  the  firs  r „ a 

tion  of  his  tables/.  as  tunctions  of  R “ S/' 


0 l8  the  limiting  

. _ for  y and  » vn p triven  as  functions 

pressions  xor  v x and  ^ are  given 

- 

.«« — a.-  "■;;rc»c„rv„, 

j hie  to  construe 
■ahes  it  possible 

as  functions  of  P-ths  and  time*-  force  what  was  said 

In  respect  to  these  tab  es,  y +&  but  this  quantity, 

above.  m varying  f.  it  18  de“nlt<!  ^ ' +®  “ 

ln  the  tables  of  to  a definite  value  of  the 

• 1.20;  for  this  res  » oondlng  to  this  value. 

propellant  force  of  powder  f C°T™*  ^ ^ neceBBity  of  placing  tab- 
It  should  also  be  pointe  ou  co-pllcations  in  all  those 

ular  pressures  in  the  t.bles  crea^  under  the  condition  of 

- — “ 18  ~~“;r:8  1s  usually  the  case  in  ballistic  design. 

..intalnlng  P.  constant. 
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2.  METHOD  OF  PROFESSOR  N.  F.  DROZDOV/f  16_7 
In  his  work.  Professor  N.F.  Drozdov  chose  as  the  relative  vari- 
able the  ratio  of  the  current  pressure  to  the  initial  pressure:  fl  - 

- p/p  . Likewise,  taking  the  parameter  of  Professor  Okunev,  -A*  - 

0 & & 

- JLZL_2L  Professor  Drozdov  replaces  it  by  £ - 1 - 1/A  - 1 - 

1 - aA  ^ 

- d and  introduces  two  additional  parameters: 

Po 


R - 


(p0  “ - f) 


fS  , 


and  R - 


1 1 + R 

Po 


which  are  functions  of  f,  a,  and  pQ. 

For  the  normal  tabular  values  of  these  constants: 

R - 0.01121;  Rl  - 0.01108. 

Transforming  his  equations  for  a powder  with  a constant  burning 
area.  Professor  Drozdov  reduces  the  relative  maximum  pressure  and  the 
pressure  at  the  end  of  burning,  as  well  as  the  velocity  of  the  pro- 
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where  s’ 


c 5 

_ \ ZBldP 


„ ,ound  f roa  .be  tobies  Is  tbe  >«' 


pesb!.  IV)  lot  B/'l  instigating  .be  <.».•»*» 

"P""“  in  peaaee  eb.t.c..ti...C  asb  o,  ».tf 

*“  ° r’u,  npn«  ,b.  ».ls.  °I  ««  ■“>“  “ 

r mn  Mi..  - - — - - - - - 

powder  characteristics  to  another. 

For  the  end  of  burning: 


PfC 

nK-r“ 

p0 


„ ft2  g 
» + eK  “ „B1 

J ZK 


1 - R 


(*+eK 


t - Rs^ 


The  velocity  oi  the  projectile  l^Tlrst  period: 

P0s£0  (1  _ J ) 

— > 

Tf  * 


where 


Rx/R  - 1/1  + B “ l/1  + P0/£61 


In  the  second  period 


n 


A PO 


(A-  + 1 - 

-n‘W 1 - 


-^lten-ng,; 


l+o 
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where 


i 


! . a 
2 


,2  - »sp  n 

- V’  1 

_ w F Drozdov 

„„ ... .....  .« « ;T°r.'  m ..  ... 

...... . — - ....... — - ~ 

o.  «>• .PP....P «« “• 

Be,  ...  ..>»*•  'p™"1*10- b’ 

......  „r  ...  ,act°r‘  “P°° 

Tbu. « »«  a...™1"*'’  . v.r....°.  »<  ««  ln““1 

,h.  ........  «“  7::;^:  Ior«  ..  ...  -o'"'  '•  ,b* 

........  PO.  °‘  ‘ ■ th.  ..  ."P  >“ 

rr.r.rr:r::M 

- — ~ " 
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Fro*  this,  it  is  possible  to  derive  the  relation: 

1 . 6^p  . 

i.e.,  the  difference  between  maximum  pressures  Is  greater  than  the 
difference  between  initial  pressures. 

The  difference  increases  with  di*inishing  Pq- 


Po 

Apo 

p» 

Apm 

kP 

450 

150 

2762 

240 

1.60 

300 

100 

2 522  ! 

! 

j 

158 

1.58 

200 

92 

2364 

180 

1.96 

108 

54 

2184 

146 

2.70 

54 

2038 

b ) Influence  of  Variation  of 


a 

Aa  P. 

Ap. 

0.98 

2767 

0.08 

-104 

0.90 

2663 

As  the  covolu*e  a di.inishes  by  0.01,  the  pressure  p,  decreases 
by  13  k*/c*2. 

c)  Influence  of  Variation  of  $_« 


S 

AS 

p. 

Ap. 

1 

8 

•ft) 

1.60 

1.56 

-0.04 

2522 

2546 

+24 

0.625 

0.640 

+0.015 
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, Qf  the  powder  increases  by  0.01, 

As  the  specific  volu.e  of  the  po 

« increases  by  16  kg/c»  - u in  nearly 

l"  ‘ "a  'l 

h.nl[e  in  the  quantity  PB' 

the  sa»e  change  Var  iation_of_*_- 

^ Influence_oL_V^£i: 


X 1.00 


P«  2377 

,,„„nllv  to  the  quantity 

almost  proportionally 
p increases  almost  pr^*~ 

m Ap-  Av 


1 02  1.045 

2425  2481 


1.06 
2 500 


Apm 


A* 


3 - const. 
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If 


t K - const. 


f Il» 

Af 

O 

* 

kg 

L 

104.5 

-9.5 

2997  ! 

-475 

95 

-8.7 

2522 

-374 

86.3 

2148 

Ap 


m 

pm 


a. 75  — 


Subsequently,  these  new  tables  of  Professor  N.F. 
utilized  in  certain  investigations  connected  with  the  consideration 

of  variations  in  the  initial  pressure. 

3 FORMULAS  AND  TABLES  OF  M.S.  GOROKHOV  AND  L. I . SVIRIDOV^  14_/ 
'By  utilizing  the  parameters  and  variables  » and  P of  the  method 
of  N.F.  Drozdov,  and  by  introducing  a new  parameter  D>,  it  becomes 
possible  to  transform  the  formula  for  the  path  of  the  projectile  to 

the  following  for*: 

0 _ 1 + 1 - N(*,tJ)_“l  - D1L(»,P,n)_7  +p. 


where 


D n(  1 ±B) 
2 + n 


A - *’ 


F0’  Bi 


• X A + B “»  n 


N(7»  “)  ■ 5 

b o 

f*  dP  "7  - 

ur,  P.  h)  -r  + $ N(»,P,n) 
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For  the  function  log  Z'1  (T.  P>.  detailed  four-place  tables  re- 
lating it  tor  *nd  to  p have  been  set  up.  For  the  function  L (».  P. 
n),  tables  relating  it  to  P,  ? , and  n have  been  set  up;  in  this  con- 
nection, the  parameters  and  variables  vary  within  the  following  ranges: 
0.00<><:0.13;  0.00  ^<0.70:  3^n<14. 

The  velocity  of  the  projectile  in  the  period  of  burning  is 

determined  with  the  aid  of  the  usual  formula. 

The  formula  for  the  pressure  can  be  transformed  to  the  follow 


ing  form: 


where  n 

£ <r , P)  - ar  + P - e • 

TO  determine  the  maximum  pressure,  it  is  necessary  to  determine 
the  corresponding  to  it  with  the  aid  of  the  following  formula: 

„ i . D . SE—\  U - x—)  * r + **»  . 

Pm  " TTZ  Ml  J K(».f».n>/\“  2 + n I (2  + n)H(t,P.  n) 

x 0 
m 

Detailed  three-place  tables  have  been  set  up  for  P_  - 1/2  + n. 

With  the  aid  of  the  tables  mentioned  above,  the  fundamental  problem 
of  internal  ballistics  is  solved  for  any  values  of  the  constants  a, 

S,  t,B,  P0,  and  x present  as  definite  values  in  the  tables  of  N.F. 

Drozdov  and  of  the  GAO  Artillery  Committee. 

The  above-mentioned  formulas  and  tables  were  first  published  in 
the  work  by  «.  Gorokhov  on  "Internal  Ballistics"  in  1943  Z~17-7- 

Analogous  formulas  and  tables  (at  the  predetermined  value  0 - 0.2) 
were  obtained  by  Gorokhov  and  Sviridov  in  1939/~14,  17_7. 


p£(r . b) 

9 - p - d^(»  , P) 
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Generalized  formulas,  accompanied  by  the  use  of  tables,  make  It 
possible  to  solve  problems  in  cases  involving  deviations  trout  e 
usually  accepted  values  for  the  constants  (a, g , t,  pQ, © , 
as  well  as  in  the  case  of  a combined  charge  consisting  of  any 
8ired  number  of  grades  of  powders  and  in  the  case  of  its  being  nec- 
essary to  take  into  account  the  afterburning  of  decomposition  res- 
cues from  the  burning  of  powders  of  the  progressive  form. 

In  this  connection,  in  the  course  of  the  first  phase,  when  all 
the  powders  burn  simultaneously,  the  formulas  remain  the  same  as 
those  presented  above;  but  in  the  course  of  the  second 
phases,  the  formulas  become  somewhat  more  complex. 

mAPTER  5 - FUNDAMENTALS  OF  THEORY  OF  SIMILITUDE 
1.  THEORETICAL  PRINCIPLES. 

Ballistically  similar  gunB  are  those  in  which  the  gas  pre 
curves  <,-<>  •»«  «»  proJ~tll.-~lo.lty  cur...  <*-»> 

...Unr,  .....  - ■*«*  “ ””1’'  b”  *“ 

scale  alone- 

Algebraically,  the  condition  of  similitude  -ay  be  expressed  , 

the  equations  F,  (P,  T ) - F,  (a.P.  a2^>  preB8UrC  “““ 

(v,  r ) - #2  (Pxv,  P2t)  for  velocity  curves,  -here  a and  P are  coef- 
ficients of  the  change  in  scale  leading  to  coincidence  of  the  p-L 
and  the  v-F  curves. 

Tb.  theory  o,  si.ill.uds  1»  lot.ru,.  b.lll.«l« 

Soviet  Onion  by  Prof. ..or  I.  P-  Ornv./  .S.  7;  tb.  I..U  — 

. n « ovunev f~  19  7.  who  contributed 

further  developed  by  Professor  B.H.  Okunev^  J, 

generalized  relatione. 

Conclusion,  b.s.0  on  tb.  tb.ory  of  sl.mtud.  ~ 
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tlon  In  the  transition  Xros  guns  of  one  caliber  to  those  of  another, 
they  can  also  be  applied  to  the  ballistic  design  of  new  systems  by 
making  it  possible  to  utilize  data  for  already  existing  guns  on  the 
assumption  that  the  conditions  of  the  shot  remain  unchanged  regard- 
less of  the  size  of  the  caliber  of  the  gun,  an  assumption  scarcely 
justified  by  actual  facts. 

Investigation  shows  that  the  p- 1 and  v- t curves  at  different 
densities  of  loading  can  be  similar  only  if  a - 1/5*  which 
actually  the  case.  For  this  reason,  the  case  of  different  A is  not 
considered,  and  only  the  case  of  A - const,  is  utilized. 

The  fundamental  equations  in  the  theory  of  similitude  are  the 
following  equations  of  internal  ballistics  reduced  in  terms  of  rela- 
tive variables  for  the  formulation  of  ballistic  tables: 


A _A(pav.  (Zx®l  " : 


STAT 
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(“ ' l)*' 


b.  - ss-»x; 
1 2 


B 


2 t2 
s IKg 


fco^q 


In  order  that  the  p-?  and  v- Z curves  In  two  guns  be  similar  at 
the  same  A , it  is  necessary  that  the  values  of  p,  v,  and  A for  one 
and  the  sane  value  of  x be  the  saae.  For  this  condition  to  be  ful- 
filled, the  following  conditions  must  in  turn  be  satisfied. 

1)  The  nature  of  the  powder  (f,  u,  S , €>)  “ust  be  the  same. 

2)  The  for*  of  the  powder  (*  , X)  wust  be  the  same. 

3)  pQ/f  or  f/Q  must  be  the  same. 

4)  The  parameter  of  the  loading  conditions  B must  be  the  same. 

Only  under  these  conditions  will  B^,  iff  »-A^av. 9 vtab.  ' V 

(\/  ¥ iB  a scale  factor  ^ , t “ B1^0  ki'  p " BlX/ki*  l0g  Zx  9 

and  p also  be  the  same,  and  consequently  the  curves  for  the  pressure, 
p-A,  and  for  the  velocity,  v-A,  will  coincide  in  all  points,  i.e., 
p-Z  and  v-£will  be  similar  for  the  entire  first  period. 

For  the  end  of  burning  <y  - 1),  we  shall  have  the  same  values 


for  Vj,  p^i A and 


For  the  second  period: 


STAT 


STAT 


. D I 1 - 
k\a+ i - ad  ) 

( ▼ \M)2  - v?ab.  ' 1 - a A 1 


li  - ae  a - x >2 
r 2 0 
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. A>A  , and,  since  all  remaln- 
„ere,  the  independent  variable^  sa—e  ^the  p-A  and  vtab.-A 
lng  parameters  in  the  two  guns  a , in  the  second  period 

c„„..  .m  .!•» 

“ llo„,  „ to  -r..  «e  coectuetoe  «... 

In  this  connec  baUlstlc  tables,  beginning  with  the 

as  a matter  of  fact,  all  our  a ^ complete  GAU 

tables  of  Professor  Drozdov  and  ending  . the  thwr,  of 

—■  ■-  “ ::r:r; * - « • - - 

similitude.  indeed,  ag  the  v -Acurve, 

„tltv  p and  the  p-Acurve,  as  we  tab. 

°f  B.  the  quanti  P.  the  ^ nor  upon  its  absolute 

depend  neither  upon  the  ca  ^ ^ ^ while  vtab.A  depends 

dimensions , but  only  UP°"1  ^ ^ aCcount  the  influence  of  the 

;:;^q  z zzz  — - - - — nt  v-"curveB 

to  one  and  the  same  common  vtab. -Acurve . di«en- 

f the  loading  conditions  B - s l^K/i^ 

The  parameter  of  various  conditions 

of  the  influence  of  vano 

slonless.  For  the  an  y up0n  the  pressure  and 

eon  Its  magnitude,  and.  through  it,  upo 
of  loading  upon  It  K it  differently: 

. it  is  mo.e  convenient  to  write  it  o 
velocity  curves,  it  is  mo. 


B - 


* (Al 


c2 

q q 


zrr. 

— rlth.  weight  cl  the  projectile  and  c/q  remaining 
to  the  other,  t aiBO  remain  constant. 
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of  differed  calibers  firing  projectiles  of  the  same 
For  similar  guns  must  be  lnverse- 

. „lth  p _ const.,  the  pressure  impulse  I*  must  be 
weiKht,  and  with  PB 

B „ „f  the  caliber  of  the  guns, 

ly  proportional  to  the  square  of  the  c 

2 SOME  THEOREMS  OF  THEORY  OF  SIMILITUDE. 

O^ltioBS.  1.  Geometrically  similar  barrels  are  b.rr.1. . ^ 
hich  the  linear  dimensions  of  the  parts  of  the  bore  are  prop 

m l..  - «-  — - •«  - *•- - 
t„. « ..»—  - «-  •*— * ,o1”" 

pt°p°r“°“*‘  *°  — - *•»">  *- 

. . ,he  charges  are  proportional  to  the 

.eights  of  the  projectiles  and  of  the  charg 

cubes  of  the  calibers.  8lBlXarly  charged  guns. 

Theorem  1.  In  geometrically  similar 
simlllT^Tnd  v- 1 curves  can  be  obtained  only  if  the  po.der  thlch 
nesses  or  the  impulses  I,  are  proportional  to  the  calibers  of  t e 


bores 


,r„.  coadlUon  ..  •«  ««  *“*  ” 


have : 


■if 


or 


1 


but  the  condition  of  similarly  charged  guns  gives  us: 


-4;  & 


1.3 


<*  &>  d ' 


o*!l  SiL  - 1. 

o>  ’ q" 


Since 


it  follows  that 


Consequently 


" -«•  [&)*■•  ’ q’  (jr^ 


‘-ill  _ — and  ‘£7  - 1 - 


**  *k 


and  the  theorem  is  proved.  , 

.,.U.r  ...  -i-UT!,  charged 

path*  A >tll  be  ““ 

equality 

1.  a.  - -a  - e,u-  B.  . lur  — **— 


^ - — and  v^ab>  " vtab.  * 

cf  *q  ' r 


it  is  also  true  that 


v ’ - vM  . 

and  the  same  gun  *or  firing  projectiles 


Theorem  3,  In  using  one 

eiTT^Tuet*...  -bile  ‘“““'X 

O.U.I.U.,  «b.  uelocll...  b.  «b.  projectllou  are  lu-r~l. 


pressure 
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. Of  the  ratio  of  the  products  of  the 

„ _ — - 

. natter  of  fact,  under  the  predeter»iued  conditions, 

B andA,  vtab.  “ Vtab*  °r 


(fob  which 


f ±L  ol 
<fm  q" 


oonst.  we  obtain  from  the  condition  B' 
In  order  to  maintain  pB  ” ' ' 


I "2  I ”2 

K 5_ 

f'q'  V"<1" 


/ 2^:  ; I”v"  - IX  , 

T7  v K A K A 


, . t„.  ■,  »*  « «•  «“  ~~  ™ 
1; - ... w ,h* 

Inst  coefficients  <f  . 

1>P“r,“t  T ' ' r 

. h ref raining  from  a discussion  of  the  other 
theore-s  of  si-llltude  and  refraining 

numerous  theore.s,  it  is  possible  serel,  to  point  out  ^ as  a ^ 
when  . transition  is  — fro.  a gun  of  one  caliber  - one  -the 

; ..  * .« « — - w “ 
c,.„e  »•  “ *“  “l,“1 
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SECTION  X - BALLI  STIC 
DESIGN  OF  GUNS 

General  Remarks 

xhe  ballistic  design  oi  guns  represents  one  o,  the  most  impor- 
tant departments  concluding  the  theoretical  course  in  applied 
interior  ballistics,  in  which  there  is  solved  the  principal  prob  em 
of  the  latter,  namely  to  determine  the  design  data  oi  the  bore  and 
the  loading  conditions  at  which  a projectile  of  given  caliber  and 
weight,  while  being  fired  from  a gun,  acquires  a definite  predeter 
„i„ed  initial  velocity.  In  this  connection,  the  maximum  pressure  of 
the  gases  evolved  during  the  burning  of  the  powder  must  not  exceed 
a definite  value  p„.  which  is  usually  stated  in  advance. 

The  design  data  of  the  bore  comprise  the  following:  the  chamber 


volume  W 


vo.u-e  -0,  the  cross  section  s of  the  bore,  including  the  rifling 
grooves ; the  length  of  the  path  of  the  projectile  along  the  bore  V 
the  length  of  the  chamber  with  proper  allowance  for  Its  enlarge- 

ment X relative  to  the  section  of  the  barrel;  the  number  o.  volumes 


of  expansion  of  the  gases  A, 


- 12  - ^2  or  the  relative  path  of  the 


projectile  through  the  bore;  the  length  of  the  bore  the  length 

of  the  barrel  together  with  the  breechblocK  LCT;  and  the  volume  of 

the  bore  Wgj,  - *0  + s!D  " B(  fO  + DK 

The  loading  conditions  comprise  the  following:  the  re  a ve 

weight  of  the  charge  *>/„  .t  a predetermined  definite  nature  of  the 
powder  (f.  a,  9>;  the  loading  density  A;  the  shape  and  principal 
dimensions  of  the  powder  grains  (type  of  powder);  and  I*  - *1^1* 
For  the  variant  selected  in  the  design,  there  is  conducted 
computation  of  the  variation  of  the  pressure  of  the  powder  gases 
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and  of  the  increase  in  the  velocity  of  the  projectile  during  the 
shot  as  functions  of  the  path  and  of  time.  These  data,  plotted  on 
diagram  in  the  form  of  p-I  and  v- I curves,  as  well  as  in  the  form 
of  p-t  and  v-t  curves,  constitute  the  basic  material  for  further 
computations  by  designers  of  the  artillery  system  and  ammunition. 

The  ballistic  design  of  a gun  provides  the  basic  starting  data 
for  designing  tie  extremely  complex  assembly  represented  by  the 
modern  artillery  system  together  with  the  assortment  of  ammunition 
pertaining  thereto. 

On  the  basis  of  the  data  obtained  in  the  ballistic  design,  the 
designer  of  the  artillery  system  computes  the  barrel  of  the  gun,  the 
thickness  of  its  walls,  the  fretting  of  the  layers,  the  breechblock 
and  the  rifling  grooves;  these  data  also  aid  him  in  developing  the 
design  of  the  gun  mount  and  of  the  recoil  mechanism,  which  accumulates 
the  energy  of  the  recoil  and  returns  the  barrel  of  the  gun  to  its 

original  position  after  the  shot. 

Using  the  same  ballistic-design  data,  the  designer  of  the 
ammunition  computes  the  body  of  the  projectile  and  the  rotating 
band,  determines  the  stress  in  the  explosive  within  the  projectile, 
and  computes  the  cartridge  body  and  the  percussion-cap  mechanism,  as 
well  as  the  mechanisms  of  the  firing  devices  and  time  fuzes. 

On  the  basis  of  the  shape  and  dimensions  of  the  powder  estab- 
lished in  the  design,  the  powder  engineer  computes  the  dies  through 
which  It  is  necessary  to  compact  the  powder  mass  of  a given  nature 
and  determines  the  technological  process  required  to  produce  the 
necessary  dimensions  and  shape  of  the  powder  when  the  latter  is 
finished  in  its  final  form. 

Consequently,  the  design  of  the  principal  assemblies  of  an 


d of  the  ammunition  pertaining  thereto  depends 

artiiieryd  UPO„  ho, «-  b.m.ti«  design  OI 

ln  considers  ^ rational  design  of  the  bore,  hom- 

the  bore  has  been  devc  o . knowledge  of 

a„  uoon  the  thoroughness  of  the  study 
ever,  depends  upo  elCments  of  the  shot  (gas 

the  general  relations  which  conn  characteristic 

. . the  orojectile;  ana  j- 

pressure,  velocity  an  pa  barrel  a„d  the  loading  conditions, 

features  with  the  -ign  - « ^ ^ ^ __  ballistics 

10  ^ ^gas-pressure  and  projectile-velocity  curves), 

(computa t ion  of  * ^ fop  . predetermined  barrel 

.bich  yields  only  one  sing  . ^ problenl  of  ballistic  design, 

design  and  given  loading  con  adlBlls  „f  a multiplicity  of 

even  for  a predetermined  PrCB8"rC  fading  conditions,  which 

solut ions  for  the  barrel  design  an  for  by  . projec- 

assure  attainment  of  the  predetermined  initi 

tile  of  given  weight  and  caliber.  of  var_ 

tion  With  such  an  indeterminately  larg 
^ CO"  „ oble-  there  arises  the  question  of  in- 
fants of  the  solution  of  the  problem,  satisfy- 

definite  procedure  for  the  computation 
troduclng  a deflnit  P ion  for  their  evaluation. 

inK  . given  assignment  and  ^ the 

A rational  computing  procedure  nulDbcr 

problem  -1..1.  - shortest  possible  time  and  with  ami 

of  variants.  nrocedure,  use  «ust 

' or ...  .........  •<  >■*•'*“  'h“* 

be  made  of  the  g loading  conditions 

connect  the  design  data  of  the  bore,  and  the 

.t  definite  value,  of  the  maximum  gas  pressure  P. 

velocity  of  the  projec  it  scones  possible 

«. ..... .........  “*» 
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to  outline  the  course  oi  computation  of  the  variants  and  to  select 
for  their  evaluation  one  or  another  ballistic  criterion,  which 
characterizes  the  gun  from  the  point  of  view  of  the  rational  nature 
of  the  solution. 

But  the  ballistic  criteria  alone  are  not  sufficient;  it  is 
necessary  to  take  into  account  additional  criteria,  which  are  given 
in  the  tactical  and  technical  requirements  imposed  upon  the  given 
gun  when  the  assignment  for  the  development  of  the  design  is  issued. 

On  the  basis  of  an  analysis  and  a tactical  evaluation  of  one 
or  another  tactical  employment  of  artillery  (destruction  of  live 
targets,  attack  upon  tanks  or  aircraft,  demolition  of  fortifications 
and  obstacles,  attack  upon  staffs  and  concentrations  of  enemy  troops 
at  great  distances,  etc.),  there  is  issued  an  assignment  to  develop 
one  or  another  system,  for  example  an  antiaircraft  gu n with  a 
definite  height  of  destruction  of  the  target,  or  a heavy  howitzer 
for  the  demolition  of  concrete  fortifications,  or  else  an  antitank 
gun  capable  of  piercing  armor  of  definite  thickness  at  a predetermined 
distance. 

Knowing  the  action  of  the  projectile  at  the  target,  and  taking 
account  of  the  ratio  of  the  weight  of  the  explosive  to  the  weight 
of  the  projectile  as  a whole,  the  weight  and  caliber  of  the  projec- 
tile are  designated  (u>  q - 0.10-0.20  for  demolition  shells,  0.02- 
BB 

0.05  for  armor-piercing  projectiles).  Thereupon,  using  the  formulas 
and  tables  of  interior  ballistics,  there  is  computed  the  initial 
velocity  of  the  projectile  required  in  order  that  a projectile  pos- 
sessing definite  caliber,  weight,  and  shape  give  the  necessary  range, 
or  else,  for  a predetermined  range,  have  the  impact  velocity  needed 
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to  pierce  armor  of  predetermined  thickness 

In  this  connection,  there  are  sometimes  imposed  additional 

requirements,  for  example  that  the  gun  have  as  small  a 
possible,  or  even  a .eight  predetermined  in  advance,  both  in  • 
traveling  position  and  in  the  firing  position,  or  else  that  the 
length  of  the  gun  he  iess  than  so  man,  calibers,  or  else  that  an 
already  existing  shell  case  or  gen  mount  be  utilized. 

The  totality  of  ail  the  above-mentioned  requirements  constitutes 
the  so-called  tactical  and  technical  specifications  imposed  upon  the 
gun  being  designed  during  the  issuance  of  the  assignment. 

The  additional  conditions  included  in  the  tactical  and  technical 

specifications  exert  an  influence  upon  the  choice  of  the  balliS“' 
solution  and  sometimes  makes  it  necessary  to  arrive  at  a design  that 
is  not  completely  rational  fro.  the  ballistic  point  of  vie..  For 
example,  the  1927  model  76  - regiment  artillery  gun  has  an  excess- 
tvely  large  chamber  volume,  combined  .ith  too  small  a number  of 
expansion  volumes  and  a cartridge  of  large  .eight  and  over-all  dimen- 
sions The  1909  model  76  - mountain  gun  gives  the  same  velocity 

the  projectile  at  the  same  gas  pressure  .ith  a considerably  smaller 
chamber  volume,  .eight  of  the  charge,  and  .eight  of  the  entire  cart- 
ridge. and  .1th  the  same  bore  volume.  There  is  no  doubt  that  e 
last-mentioned  gun  is  much  better  designed  from  the  ballistic  po  n 

of  vie.  than  the  regiment  artillery  gun. 

But  the  introduction  of  the  regiment  artillery  gun  of  the  above- 
mentioned  design  .as  dictated  by  considerations  that  .ere  no  longer 

*)To  compute  the  velocity  needed  to  pierce  (q°«®cos  o. 0 / , 
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ballistic  in  character. 

The  art  of  the  designer  called  upon  to  develop  a ballistic 
design  consists  in  considerable  measure  in  arriving  at  a design 
that  is  rational  from  the  point  of  view  of  interior  ballistics 
while  taking  into  account  all  the  tactical  and  technical  specifica- 
tions. 

A rational  procedure  for  ballistic  design  must  provide  the 
shortest  route  to  finding  a solution  satisfying  all  the  require- 
ments imposed  by  making  a deliberate  choice  of  each  of  the  designated 
variants.  In  this  connection,  it  is  necessary  to  know  in  advance 
the  direction  and  character  of  variation  of  the  principal  parameters 
and  criteria  which  determine  the  expediency  of  the  given  variant; 
the  computation  must  merely  clarify  the  quantitative  relations. 

The  principal  relations  which  determine  the  connection  between 
the  design  data  of  the  bore  of  the  gun  and  the  loading  conditions 
are  obtained  by  solving  the  inverse  problem  for  a predetermined 
caliber  of  the  gun,  weight  of  the  projectile,  and  initial  velocity 
of  the  projectile,  and  for  a chosen  maximum  pressure. 

The  establishment  of  these  general  relations  constitutes  the 
subject  matter  of  the  chapter  entitled  "Theoretical  Principles  of 
Ballistic  Design  of  Guns.” 

In  establishing  the  general  relations  needed  for  ballistic 
design,  it  becomes  necessary  to  resort  to  certain  auxiliary  functions 
and  tables,  which  are  obtained  by  additional  treatment  of  the  basic 
tables  of  Professor  K.F.  Drozdov,  as  well  as  of  the  ANII  and  GAU 
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d 8 .lth  a propellant  force  of  the  Powder  that  is 
strip-type  powder  , even  for  combination  charges 

Qot  equal  to  950,000  kg-dm.kg, 

consisting  of  two  types  of  P zdov  l8  based  on  the  usual 

Since  the  principal  problem  of  pyrodynasics, 

assumptions  accepte  ^ accepted  in  their  entirety  in  the 

the  same  assumptions  „ the  ballistic  design  (geometric 

theoretical  solution  assoct  p>  average  gas  pressure 

. „ law  of  rate  of  burning  u 

law  of  burning, 

in  the  initial  air  space,  etc.).  investigations 

,,,ble  at  the  present  time 

There  are  avaiiab  ^ deslgll.  Mention  should  be 

relating  to  the  theory  o uthors  in  our  country, 

made  of  the  work  of  the  following  a dov  has  illuminated 

. ctv,  1948.  Professor  N.r- 

Fron  1910  through  • ^ baUlstic  aesign  and  has 

a serie8  of  questions  b ^ the  work  of  the  Russian 

initiated  the  funda.en  ^ po,er  as  a gun  capable 

rr.~ — - l"  ■ 

..  — •>  * — 

French  school  had  -imed  th§  gun  ^ ^ #f  lessor 

the  maximum  total  work  U-g- J max. 

1Ved  widespread  acceptance  and  application 
k.f.  Drozdov  have  received  wldesp 


ln  design  offices.  course  of  pyrodynamics  (1934-1937), 

professor  I.P.  Grave,  thfi  funda.ental  relations, 

— *“* — »■  ^ ** 

*“<•■*  “*  ° ' „„  m »» 

and  presented  a ser  es  devoted  bis  attention  to 

professor  V.*.  Slukhotsky.  -bo  bm. 


r 


► 


p 

I S 


problems  of  ballistic  design  since  1934,  was  the  first  to  apply  to 
ballistic  design  a consideration  of  the  accuracy  life  of  the  barrel. 
Under  his  direction,  there  were  compiled  both  the  general  1942  GAO 
tables  in  three  issues  and  the  special  issue  of  tables  for  ballistic 
computation  (TBK) , which  are  very  convenient  for  practical  use. 

In  1939,  Professor  B.N.  Okunev  presented  an  analysis  of  the 
influence  of  certain  parameters  upon  the  •productivity"  of  an 
artillery  system,  conptled  a number  of  tables,  and  outlined  the 
general  principles  governing  the  choice  of  a ballistic  solution. 

In  work  performed  In  1939-1946.  Professor  D.A.  Ventsel  present- 
ed the  theory  of  ballistic  design  as  applicable  principally  to 
small  arms,  in  addition  to  which  he  also  compiled  special  tables 

for  various  constants. 

From  1940  through  1945,  M.S.  Gorokhov  published  a series  of 
investigations  supplemented  by  a large  number  of  auxiliary  tables 
and  diagrams,  which  make  it  possible  to  establish  general  relations. 

The  author  of  the  present  book  established  in  1940  the  concept 
of  economic  loading  conditions,  developed  the  theory  of  "the  gun  of 
minimum  volume,"  which  possesses  considerably  more  advantageous 
characteristics  than  the  earlier  "gun  of  maximum  power"  advocated 
by  the  French  school,  and,  on  the  basis  of  general  relations,  worked 
out  a procedure  of  ballistic  design  with  the  use  of  a "directive 
diagram"  for  the  choice  of  variants. 

As  a result  of  all  these  investigations  by  our  scientists, 
the  principles  of  ballistic  design  have  in  our  country  attained 
a high  theoretical  level  and  have  been  coordinated  with  tactical 
and  technical  requirements. 
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CHAPTER  1 - UASIC_DATA 
!.  BALLISTIC  characteristics  OF  CUES. 

...» " z"Zl‘ 

, balllstlc  design,  there  arises  the  question  of  the 
I;::::  ,H«rH  f-r  th*  evaluation  of  design  variants  obtained 

o>  T,rr.r..  — - * ■ — - “n,*,u 

.h.r.c«.r...l«,  ,h""  “r”P“ 

♦ ruiics  oi  the  bore  of  the  gun. 

a)  Design  characteristic 

b)  Characteristics  oi  the  loading 

c)  Energy  characteristics  of  the  shot. 

Some  of  the  characteristics,  which  have  the  most  essent 

importance , „.y  he  selected  as  criteria  for  the  evaluation  • 

variants,  in  which  connection  it  is  also  necessary  to  ta  e 

. i specifications  imposed  during 
account  the  tactical  and  technical  specif! 

the  issuance  of  the  assignment. 

There  is  presented  below  an  emigration  of  the  princ  pa 

most  important  ballistic  characteristics  of  gu 

. Design  Characteristics,^!^- 

» The  chamber_voluoe  is  characterized  by  its  ratio  to  the 

weight" of  the  projectile,  -ch  determines  the  magnitude  of 

, nrolectile.  Depending  upon  the  velocity 

the  initial  velocity  of  the  projectll 

vD.  the  quantity  1.  varied  within  wide  limits  - from  0.  to  3.0 

The  chamber  volume  Is  sometimes  characterized  by  the  ra 

. . n-ita  (1.6-33.0  according  to 
„0/d3,  which  also  varies  within  wide  limits 

V.E.  Slukhotsky). 

isffi  - ...  - «-  BS  «" 

W-  - w*-  — l“ “ ~ ’ 
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. . r,f  the  weight  of  the  projectile 

„ttte  and  the  coefficient  of  the  weig 
of  the  projectile  and  tn  f v _ l 500 

. i and  more  culibers  D 

c _ a / d3  increase  and  may  reach 

cq  * 

“ 8eC‘  bcr  Of  volumes  of  exPansion^>lg--g^g-in  the  ^ 

3'  The  “ ~~ 7 rTiToTThe  projectile  expressed 

rpiat  ive  putn  oi  vuv-  f*  v j 
. t mm  fi  K , or  the  re  1 a l a v k 

D ° ° & 0 , . lengths  IS  a most  important  design 

in  terms  of  nominal  chamber  Ungths,  r the 

teristic  which  deternlnes  the  type  o gun. 
characteristic,  modern  guns,  A varies 

relative  chamber  volume  the  smail.r  is  AD  D 

3 o-l». 0;  in  guns  of  great  power,  A„  ->  • 

ln  the  range  of  3.0  1 ^ „„„„  otherwise  identical 

..  — — »•  • «■ 

, .a  where  n.  is  aDOuv  ^ w 

is  determined  from  the  formula  s - >V1  > 

0.83  at  t - 0 . 02 d . 


t - 0 . Old  and  ns 
n 


s’  The  cocff lcicnt_oA_wid£blJiE_2.-  *"  ' 

- - , _ ♦ '!  < nf  1 llPtlC 


0 KM 


> 1 


5 The  coci  I lcn  — __r. K t 

(sometimes  called  the  bottle-shape  coefficient!  influences  the  to 

length  of  the  bor  j 05  to  3 (according  to 

In  artillery  systems,  X varies  • 

••  — — ~ ““““  rtn- 

and  more. 

p maracteristlcs  ^J^adU^Conditlons - 

. a — w/w  varies  within  very  wide  limits, 
6 . The  loading  density  A 0 

as  follows: 

In  small  arts 


0.80-0.95 


In  powerful  artillery 
systems 

In  ordinary  guns 

In  howitzers  with  full 
charges 


0.65-0.78 

0.55-0.70 

0.45-0.60 
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...» 

In  mortars 


0.10-0.35 
0.03-0. 12 


xne  ........  P‘ 

and  v . u u,  which  is  what 

° ..tivc  weight  of  lte_proje£tU£ 

" T"  C.  i-  projectile  and  the  -or. 

principally  determ  ltsell  varies  within 

t of  lhc  gases  of  the  charge  itscll, 
of  displacement  of 

. limits  - from  0.01  to  l-5-  3 

vt»rv  wide  limits  t * i 0 c -ad 

y , tho  weight  of  thejrojecule  cq  4 

f f i p 1 ont  of  th  e we  r» 

8.  The  coefficj — determining  the  velocity  of 

i8  one  of  the  important  characteristics 

the  projectile  in  a *lv«"  ^ ^ ^ projectile,  the  quantities 

For  a predetermined  . proportional  to  c , the 

, . i j 1 d,  and  I*r  d ar 

° ° “ tier  are  the  overall  dimensions  of  the  gun.  and 

smaller  cq  the  sma  thc  predetermined  Pms 


- *ainiain  the  predeterBined  w- 


.<oprine  shells  of 

For  armor-piercing^^  tjpc 

For  demolition  shells 

For  coll  Pro^Cr:or!p1ercUPcores 
For  light  bullets 


_ 6-10  kg  dm 


_ about  6-7  kg  dm 
- about  20-22  kg/dm3 


/.  3 

j n T*mo r— piercing  nhout  25""30  If  / 

For  ^^“‘t’Ti^speci.l  cores  % about 

. Dressure  i moulse  of  the__po^er  (expressed  in 

r.  •* 

.. ... — - « — *•  ~u  - - **•  - 

Of  the  gun. 
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„ 350-700  m sec,  1 «/ d “ 500-1000. 

For  a velocity  v - K 

„ „ .a-  ■*“ 

op......  V a , a 

, . .bout  3000,  ..  »«,  powerful  — " ‘ 

lobe.  ,0.  bOgnltude  o,  0OOO,  -Peru  ..  » «—  “ 

and  . B . S2l2g  f*->«pq  combines  all  three 

10.  The  loading  parameter  B si 

fu)  J c and  I*  d)  and  represents  the  prmci- 
preceding  parameters  C q,  cq'  K e 

, * w.£»  magnitude  of  the  maximum  pressure 

pal  characteristic  determining  the  magnitud 

pn  and  the  position  of  the  projectile  at  the  end  of  burning 

t”<'"h?,..l..r  B ih.  » lgpor  1.  P.  ppO  *»•  — *•"  " ^ “ 

contrary  > ..  > merer..  tPe  — "d 

increases.  . of  the  magnitude 

For  normal  loading  conditions,  independently 

of  A and  P , the  average  value  of  the  fuantlty  B is  1. 9-2.0. 

The  parameter  B is  dimensionless,  and  for  an  analysis  ° ^ 

influence  of  the  individual  factors  composing  it,  it  is  conven  en 

™.o,.0  m ...  following  ....  — >•  — - - ” 

values,  but  op  ...  " “* 


of  the  loading  conditions: 

O 


i2d4l2g 


gn- 


B - 


f — <f 
Q 


q 


2 

" tfC 

q <1 


where  <P  - a + b w/q  i»  » function  of  -A- 

♦or  B with  the  propellant  force  of 
consequently,  the  parameter  B,  with  t P 

/ ,/rf3  and  I-r/d,  the  ratio 

powder  constant,  depends  upon  «/q.  cq  * q/  ’ K 

X /d  being  a means  for  changing  the  maximum  pressure  P.  and 

of  the  prolectiie  at  the  end  of  burning  of  the  powder  without 
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For  suns 

For  howitzers  with 
full  charges 


■>t  - 0.50-0.70 


- 0.25-0.30 


1 5 . The  characteristlc__o 
of  the  chaaber,  or  the  charac 
diagram,  is: 


tic  of  utilization  of  the  wo 


rklPg  volume 


terlstlc  of  filling  of  the  indicator 


=ped  <oqvD 


" V-  2EV» 


where  “ 8 'o  “ *o^D‘ 

r i m 10.  *7  usuall 

As  Ad  Increases  from  3 to  D 


y decreases  from  0.70 


to  0.40. 


16 . The  c 
the  bore  is. 


haracteristic  of  utill£ation_ol_J^ 


olal  volune  of 


R°  ■ " 2g*KHP- 


"kh  - wo(1  +AD)  ■ eU°  * 'D> ; 


*4)  “ "’’d  a -t  1 


17.  The  Characteristic  of  the  accuracy_ll te  of  the  barrel.  N. 
one  of  the  aost  widespread  for-ulas  for  taking  n 


In  our  country,  one  ' 
account  the  accuracy 


life  of  the  bore  of  guns  Is  the  forsula  of 
. . . in  itself  a series  of 


professor  V.E.  Slukhotsky,  which  includes  in  Itse 
ballistic  characteristics  of  the  gun. 


In  firing  single  shots,  the  expression  for  « has  the  follow- 


ing  form: 
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2 A2 

D0  - ' 


N - *1*2*3  .P  d 10'3  4 o.002t, 

0.0022p0  - 1 


(118) 


of  the  gun; 

f f i.c lent  depending  upon  the  ca 
where  *,  i-  * coefflCl  wlth  the  rifling  twist; 

. 18  a coefficient  varying 


18  ° ~“T  - - — - rifling; 

k3  1B  a coefficient  vary*  ^ _ rotati»g  band 


D0 


is  . coefficient  varying  rotating  band  of  the 

iB  the  outer  maximum  din,, etc, 


projectile;  surface  layer  ol  the  bore; 

f is  the  thickness  of  ln  oC; 

ti  ls  the  tempera ture  of  burning  of 

o «.  T°  - 273  ; 
ll  * 

of  the  metal  of  the  tube; 

t - re8illenCe  \ clt,  ln  the  throat  of  the  chamber 

l«  the  average  gas  velocity 
V1  o lectl  le  through  the  bore, 

during  the  motion  of  the  P ot  the  chamber 

ls  the  average  gas  velocity  In 
V2  f the  aftereffect  of  the  gases; 

during  the  period  of  the 

Pq  1B  the  initial  pre8*U~’  ^ ^ accordanCe  with  Formula  ^ 

ln  computing  the  -agnitu  e ^ ^ ^ ^ ^ ^ in  kg/c.  . 

(118),  the  quantities  d »»  0 

WD  in  -/-«•  „_nressed  as  a function  of  c 
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the  following  abbreviated  conditional  expression: 


Vn-  K 


t->  A . 


(ycjt*  “ conditional) 

The  product  ad(v1  vd>2  varies  within  nanow  limits, 
reason  Nyc„  in  most  cases  increases  with  increasing  AD  and  with 

diminishing  weight  of  the  charge 

2.  COLLECTION  AND  TREATMENT  OF  PRELIMINARY  DATA. 

On  the  basis  of  the  tactical  and  technical  specifications  im- 
posed in  the  assignment  for  already  chosen  values  of  the  caliber 
the  weight  of  the  projectile  4,  and  the  initial  velocity  vD, 
is  necessary  to  collect  preliminary  data  relating  to  the  character- 
istics of  guns  approaching  the  gun  being  designed  in  type  and  in 

their  loading  and  firing  conditions. 

For  these  "related,"  already  existing  artillery  systems,  it  is 

necessary  to  find  the  following  characteristics,  which  are  in  part 

. . -ust  ln  part  be  determined  by  supplementary 

available  as  such  and  must  in  par 

computations:  d,  V s,  lK„,  h,P-  hoi  d’  LCT  d’  thC  tyPC  °f 

projectile.  cq  - < -3.  the  nature  of  the  powder  (f,  o,  «.  «>> 
shape  and  dimensions,  the  weight  of  the  charge  XK  " «*-' 

and  v . 

All  these  characteristics  -ay  be  obtained  in  various  handbooks, 
firing  tables,  service  manuals,  descriptions  and  drawings  of  charges 
and  projectiles,  and  drawings  of  the  chamber  and  barrel. 

In  firing  tables  and  other  sources,  there  is  usually  given  not 
the  length  of  path  of  the  projectile  along  the  bore,  but  the  length 
of  the  rifled  part  l^p,  which  is  smaller  than  The  difference 
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depends  upon  the  arrangement  of  the  base  of  the  Projectile,  which  is 
to  he  found  precisely  in  the  drawings  of  the  projectiles.  As  an  ap- 
proximation, it  may  be  considered  that  *D  - hHp  + (0.5  1.0)d, 

relating  to  old  flat-bottomed  shells,  and  l.Od  relating  to  contemporary 

modernized  projectiles. 

On  the  basis  of  the  data  obtained,  the  following  characteristics 
must  be  computed: 


A, 


E v2 
_ _D  . _D 


■n-- 


2g 


E 

P a D ■ 


“ Pw 


Kav . 


2 

f mvD 


2s  ^oPm 


ADPo 

2 


ed6 


- frr 


2s ( I y + ^ Pm 


- - "ll 


After  collecting  all  these  data,  they  must  be  summarized  and 
treated  in  such  a manner  as  to  utilize  the  data  obtained  by  experi- 
mental means  to  coordinate  the  results  of  computation  with  experiment 
(determination  in  accordance  with  selected  tables  of  coefficients) 
and  to  designate  the  basic  data  for  use  in  the  computations  associated 

with  the  particular  assignment  in  hand. 

3.  CHOICE  OF  BALLISTIC  CRITERIA  FOR  EVALUATION  OF  VARIANTS. 

Among  the  characteristics  mentioned  above,  cq  and  C£  are  known 
fro.  the  conditions  of  the  assignment;  the  remaining  characteristics 
are  determined  during  the  computation  of  the  variants.  The  following 
characteristics  are  most  essential: 


A n _ " 


12E  or  - ^(AD  + 1). 

d q q Q D 
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pav . 


“■L- 


and  *ycA  °r  N‘ 


" t it  iB  usually  attempted  to  select  those 

In  evaluating  variants,  with  . in  the  range  of 

with  the  largest  possible  1D.  ^ utilisation  of  the 

0.60-0.70,  which  corresponds  t.  w q;  and  with  a large 

charge;  with  the  smallest  possible 

A — » which  increases  Nyc,-  coefficient  ^decreases;  and. 

But.  as  hD  and  *0  ^ ^s  ^tel,  trying  characteristics,  it 

in  order  to  reconcile  these  lolerW.dla te  relative  solution, 

becomes  necessary  to  select  SO,r  be  made  of  attempts  to 

in  connection  with  this.  ~ ' of  these  two  conflicting 

provide  a criterion  combining  the 

criteria.  „ okuncv  (1939)  proposed  to  use  as  a 

For  example , Professor  - • - ^ foUo,ing  quantity  - 

character  iBtic  of  advantag  


H -y/r,’lD 


where : 


2glv. 


dently  of  the  chosen  pressure  P.,  has  a 
This  quantity,  independent  ^ ^ ^ B„all  arms.  Professor 

-axirnu.  at  «-  ratio  v - * * )f  for  guns  of  great 

Okunev  recos-nds  taking  v > ».« 

— v - - - — 
professor  I-p-  ur 

v_  the  following  expression: 

Okunev,  gave  th 
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*»»-'•  ‘"'t: 

—•*  ~“—8 

quantity : 

i - r / 7 

H”  - \/RDrD  ’ 

, dld  givc  a procedure  for  co.puting  the  quantity 
ln  which  connection  he  q{  s.8tem,  the  exponent 

T and  showed  that,  depending  upon  the 

r -rleS  fr°*  0 l°  l’5'  ptlty  H-  depend  in  so»e  .ensure  upon 

The  exponent  Y •* ’ J ^ rcflect  the  influence  of 

the  type  of  guns  and  In 

v J / ns . 


the  tactical  and  technical  specifi^t  # scries  of 

Professor  V.E.  Sluhhots  >.  ^ 8ervlce,  accepted  for  evaluat- 

systess  which  had  given  good  * ^ solutlon  the  criterion  Z,  as 

i„g  individual  variants  of  a 
defined  hy  the  following  expression: 

7.  - X*  ^ l \/*yc* 

i Kail isttCi  but  also 
. to  account  not  only  ballistic, 

This  criterion  tabes  in  ^ ^ ^ necessarily 

design  and  econo.lc  reqUi~“"  ' ^ de8lgll  Actors  include  the 
upon  the  syste.  beln*  ~ factorB  tbe  accuracy  life 

length  of  the  barrel,  the  ec 

. . , oh  a r crp  • 


lengU‘  vr* 

■"*  *«  r,n  :< «.  .«  «■  ■»-> 

*•  ■ ot , .«*  >•  *“>»«““•  “ “• 

Of  the  gun,  use  is 


quantity  RD: 


<*Vr, 


CT 


Professor  Slukhotsky  believes  the  most  advantageous  variant  to 
be  that  in  which  the  quantity  Z is  largest. 

As  is  seen,  the  problem  of  establishing  such  combined  criteria 
is  in  the  stage  of  development  and  accumulation  of  experimental  data. 

In  the  selection  of  basic  variants  in  ballistic  design,  use  was 
made  until  quite  recently  (1940)  of  special  diagrams  or  tables  of 
relative  gun  characteristics.  Among  the  most  widely  used  diagrams, 
there  was,  for  example,  that  shown  in  Fig.  133,  which  represents 
the  result  of  treatment  by  Engineer  N. A.  Upornikov  of  the  system  of 
artillery  equipment  designed  by  the  Schneider  works. 


Fig*  157  - Diagram  of  Basic 
Ballistic  Characteristics* 

1)  Coefficient  of  power;  2)  maximum  pressure;  3)  power; 
4)  pressure;  5)  of  chamber;  6)  charge;  7)  coefficient 
of  volume  of  charge  chamber  and  weight  of  charge; 


797 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Codv  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Fig.  157  (cont'd.) 

, i o ^ field  guns;  11)  naval  guns; 

8)  mortars;  9)  howitzers;  10)  field  gu 

12)  super  guns. 

,.tv  in  lhe  diagram  is  the  coefficient  of  power 
The  basic  quantity  in  the  oiag 

, ^ n t-o  found  tr 


.it.  ....  ■”  *” 

7 a.3  ' 


. E° 


tota X length  of  the  barrei  (expressed  in  calibers).  bCT  a,  « 

_ w d3  the  relative  weight  ot 

u 


as  the  relative  chamber  volume  c 


Knowing  c and 
0 


0 


U 


To 


. _ _ w H3  and  the  maximum  pressure  PB 

the  charge  cw  - W/Q  > 

c it  is  easy  to  find  the  loading  density  A-  c„  c, 

effect  the  transition  fro,  the  relative  chamber  volume  and  the 

relative  .eight  of  the  charge  to  the  absolute  values,  it  is  nece  - 

sary  to  multiply  c.  and  by  the  cube  of  the  caliber  i-  aeclmeters. 

0 * thp  charge  can  be  found  fron,  the 

The  coefficient  of  utilization  of  the  charge 

ratio  Ct/cw  t 

An  advantage  of  the  diagram  is  the  independence  of  its 

from  the  caliber  of  the  system. 

As  guiding  material,  use  .as  also  made  of  the  table  compiled 

ln  1934  by  V.E.  Slukhotsky/-20_7  on  the  basis  of  a treatment  of 

data  renting  to  the  most  successful  among  our  o.n  and 

systems.  At  the  present  time,  this  table  hss  been 

author  on  a more  modern  basis. 

Both  in  the  table  of  V.E.  Slukhotsky  and  in  the  Schneider 

... ..... ........  *■ «“  *“  *,““i 

......  ...  ..........  v.  .....  x,  ...  W ■"  *■ 

functions  of  the  quantity  C£  - Kj/d  . 

The  table  of  V.E.  Slukhotsky,  as  revised  in  accordance  with 

the  most  recent  data,  is  presented  below: 
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CHAPTER  2 - THEORETICAL  PRINCIPLES  OF  BALLISTIC  DESIGN 


1.  MOST  ADVANTAGEOUS  AND  MOST  ECONOMICAL  LOADING 
DENSITIES  IN  GUN  AT  GIVEN  MAXIMUM  PRESSURE  /“ 21  7 


In  a given  gun  with  a definite  volumetric  expansion  ratio 

A p - th°  maximunj  8as  pressure  pm  be  predetermined.  It 

is  necessary  to  follow  the  variation  in  the  initial  velocity  of 

the  projectile  v_  required  to  maintain  the  pressure  p constant 
U in 

during  the  simultaneous  variation  in  the  weight  of  the  charge  and 
in  the  thickness  of  the  powder. 

At  the  same  time,  it  is  also  necessary  to  follow  the  variations 
in  the  coefficients  of  utilization  of  the  unit  weight  of  the  charge 
^ - Eno>  and  of  utilization  of  the  working  space  of  the  bore: 


28Vn, 


The  minimum  loading  density  at  which  a predetermined  maximum 
pressure  is  obtained  in  a given  gun  will  be  present  in  the  case 
of  instantaneous  burning  of  the  powder  in  the  chamber  space  before 
the  projectile  begins  moving. 

In  this  case,  we  apply  the  following  formula: 


1 - 


from  which : 


Ai  - 


p» 


* + exp- 


and  - WoAl  - 


Now,  in  order  to  meet  the  condition  p^  - const.,  we  shall 
increase  the  charge  while  simultaneously  increasing  the  parameter 
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m conformity  with  the  fo 


1 lowing  previously  estab- 


B - s-I^ 

lished  relation: 


a_A 


B - 


where  : 


1F2  C0) 


1 - 


u . 3*2  i 


at  O - u.2- 


the  pressure  impulse 


ot  the  po 


wder  IK  - ci  ui 


In  this  case, 

. hv  the  following  formula: 
irill  be  expressed  by 

\Am^ 


where : 


Km  " 


f2F2te>«f»  amt<rm 


— 

>■  «“  ° ln  tbicw...  «<  >“ 

/ r loading  density)  and 

e8  for  the  pressure  as  a function  of  the 
der,  « shall  obtain  curves  for  t P ,hlle  remain- 

patb  of  the  projectile  on  which  P with  the  expression 

108  ^ increasing  toward  the 

l"  _ °(1  ° ^ -otlon,  whereas  the  end  of  burning  of  the 

starting  point  o thls  connection,  we 

ppwder  Will  Shift  ;rCh  the  end  of  .rning  will 

shall  have  a loading  density  At 

. i v at.  the  muzzle  face. 

occur  precise  y obtained  incomplete 

As  A and  lg  grow  further,  there 
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T~ 


, .he  uowdor  and  a decrease  in  vD- 
burning  of  the  l>o  tfcat  the  initial  velocity 

• a find 

Experiments  ^ an  lncreaBe  in  A from  A, 

of  the  projectile  vp  accompan  t at  a certain 

toAi  -ill  ««t  .row.  — — ^ ‘ ‘ 

A <Ai,  and  then  slightly  decrease;  at  A -A,  • 

Un  i 

vDi<  VDm‘ 

, of  a K x vc n _sha_pe  and 

# i „ for  a powder  b 

consequently,  to prede  te  rained. __the 

, , . t>i  the  pressure p_ — V — . — 

J “TtTuTaill  l.ave  a_j>aximum_yaiH^— OlH 

^^^2£^f_tho_E«Jl-U — - — s as  u,i.  B£s_tjiva±: 



tageoug — loadljig_densi^Jrj_  .g  generaUy  small  (0.5- 

The  difference  het.een  *0^^  the  French 

2,0f).  and.  in  the  previou  ^ ^ tfce  maximu»  velocity 

school,  it  assumed  as  a P ^ conpleted  precisely 

ls  obtaihed  when  the  burning  of 

at  the  murzle  face.  relation  be- 

As  a matter  of  actual  fact,  this  is  not  . 

_.n  at  a predetermined  PB  is  ^ 

_ j A in  a given  gun  at  » f 
tween  vD  and  a in  a * 

from  thc  curve  In  **ig.  l58‘ 


Fig. 


158 


- Relation  between 


and  A in 


Given 


Gun  at  pB 
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, a ,o  -«*■“  U78> 

of  the  charge^  1«  foun  lt,  of  the  projec- 

-elght  of  toe  - of  t,,e  lo«  velocity 

Instantaneous  burning,  8p  105  at  the  «aXlsu»  A - f 

me.  and  to  decrease  continuously  ^ ^ ^ ^ increases 

The  coefficient  " Pav-  B , A - A , and  thereupon 

maximum  at  O ub' 

rapidly  at  first,  reaches  contimies  to  occur  as  A 

— » - — - 


ll°*  “ " f the  powder  further 

jnd  the  thickness  of  th  P 


a the  powder. 

of  incomplete  burning  ^ bore  oI  the  gun  is  obtaine 

The  optimum  utilisation  o diIfercnce  in  velocities, 

— ^ ”r:z  — — -- 

atA  - A*.  «hich  giveS 

, \14  atA  “*  A * 

(121  instead  o „lall„ns: 


Obtatn  the 

A 1 A <A<Afe<AmCA1 

v„  v1<v2<'fe  <vs>vi 


(V  - vD) 


^k-t; 


0<-nKOKt<,,K  m<nK 


decreases 


increases  to  A - 


. a . • • • »•“>  ’ °°  - MWl 
- vt;  Aa  - Ae 


v - (1.005  - 1.02)v1. 

VBI 


u,  be  considered 

l2_Er3ctlce^_the_eco^ 

appllcable  to  various  P.  and  A . 
These  relation,  are  gen  expansion  ratios  A,,, 

as  -ell  a.  to  — — ' ^ functlo„,  of  the  gun  character- 

The  values  ofd.,AK,  andA,  ar 
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istlc  AD  and  of  the  magnitude  of  P-  at  a given  shape  of  the  powder. 

There  are  presented  below  tabulations  of  values  ofA^Aj.,  and 
^ as  functions  of  PB  and  A D;  these  have  been  obtained  by  treatment 
of  the  AN I I tables  at  the  following  powder  characteristics : X - l-°6; 

X A _ -0.06;  r “ i-05:  * " 950’000  kK*d“/kg;  a " °'98  d"3/kB;  8 " 1,6 

kg/dm3;  e - 0.20;  and  for  p0  - 300  kg/ cm2  (standard  constants  adopted 

by  Professor  Drozdov  in  his  tables). 

Tables  17  and  18  show  thatAi  andAg  increase  as  ^ andAp 
increase.  In  conformity  with  theoretical  conclusions,  the  increase 
inAg  is  accompanied  by  an  Increase  in  the  parameter  B£, 
apparent  from  Table  19. 

Table  20  shows  that  the  quantity  Pav.  P»  decreases  with  increas- 
ingAD  and  with  increasing  Pm* 

w.  a *>»  — l t at  first  decreases  with  increasing 

For  economical  A , tK  D 

but  then  approaches  a constant  quantity. 

Table  17  - Values  of  (Burning  of  Powder 

at  Muzzle  Face)._  20/ 


1800 

2000 

2200 

2400 

2600 

2800 

3000 

3200 

3400 

3600 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.437 

0.501 

0.541 

0.577 

0.603 

0.622 

0.634 

0.644 

0.653 

0.475 

0.554 

0.588 

0.625 

0.652 

0.672 

0.686 

0.696 

0.705 

0.511 

0.588 

0.631 

0.668 

0.695 

0.715 

0.730 

0.741 

0.749 

0.547 

0.619 

0.672 

0.709 

0.733 

0.753 

0.768 

0.780 

0.788 

0. 581 
0.655 
0.709 
0.745! 
0.767 
0.788 
0.803 
0.815 
0.822 

0.615 
0.689 
0.741 
0.  776! 
0.798 
0.819 
0.836 
0.847 
0.854 

0.649 
0.721 
0.771 
0 . 805 
0.827 
0.848 
0.864 
0.875 
0.883 

0.681 
0.751 
0.798 
0 . 8321 
0.854 
0.874 
0.889 
0.900 
0.900 

0.712 

0.777 

0.823 

0.851 

0.878 

0.898 

0.900 

0.900 

0.90C 

0.740 

0.802 

0.846 

0.879 

0.900 

0.900 

0.900 

0.900 

0.900 
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2.  FUNDAMENTAL  RELATIONS  AND  DIAGRAMS  FOR  BORE  DESIGN  DATA. 

It  has  been  shown  in  the  investigation  of  the  most  advantag- 
eous and  economical  loading  density  that  the  optimum  utilization 
of  the  volume  of  the  bore  and  of  the  powder  charge  is  obtained 
under  the  condition  of  complete  burning  of  the  powder  in  the  bore 

<VZD  - 0.  5-0.7). 

For  this  reason,  the  basic  formula  for  deriving  the  fundamen- 
tal relations  interconnecting  the  design  data  for  the  bore  and  the 
loading  conditions  is  the  formula  for  the  velocity  of  the  projec- 
tile in  the  second  period,  in  the  instant  of  emergence  of  the  pro- 
jectile from  the  bore,  where  vD  is  predetermined,  and  the  volume 
and  length  of  the  bore  and  the  length  of  the  path  of  the  projectile 


are  to  be  found: 
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„ *.  “W>  “ “1‘ 
loving  for-:  1 

tA  . , - •»..  - .'>S-  ««  * > - 11  ' ri’*’ 


where  : 


2 v| 

vD  , . __5 

~2  ^ rD  “ r ’ v 2 

vnp  "» 


— (1  - z,,>2  ” r> 


Let  us  adopt  the  following  designation: 


(Ar  -t  1 - aA)  I 1 


[>-?<■-  V?  ' 


K. 


.«  —ic  — ■‘,h  ‘°''D  ' ‘ ' ' 

y 4 w to  the  right-hand  side,  we  obtain. 

, « /f  and  transferring  0 

1 Kit  0 

(120) 


*KH  " W0 


(1  - r * )e 

tor  the  entire  volu-e  of  the  bore,  and: 


lD  " l0 


lA-  i 


(121) 


« «.  ......  c. “ 

^A.  i-  known  fro-  the  table,  of  Professor  Drozdov,  at  a pre- 

. -t  - chosen  loading  density  the 

d—  .....  1C  ■>.  *"a  **  ■ , co„«. 

A.  ...  . 1»“  *“  ’ 

“»  “P°"  ”*  “ 

K - f(PB,  A)v 

m a «nd  v . the  quantity  r*  i»  a 
At  predeter— ined  values  for  A and  v D» 


- a r.  * /n  only. 
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-M 


r,  _ _ » + b g a 

2g«f  % f 2g 

g VD 

At  a predetermined  value  for  vD>  the  product  - const.  - 


f 2g 


2 . 


At  the  tabular  values  f - 950,001),  0-  0.2,  g - 98.1  dm/ sec 


2 2 dn 

k - O VD  Wee 

V f 2g  932  • 106 


It  is  possible  to  compute  this  quantity  in  advance,  and  therefore 
r’  is  a function  of  o,'q  only: 


The  volume  of  the  chamber  is  WQ  - <*>  A - 

Subsequently,  for  convenience  in  graphical  representations, 
we  shall  introduce  the  relative  quantities  W^/  q and  »Q/q ; then: 

i.e.,  the  chamber  volume  is  a function  of  only  two  variables, 
namely  A andco/q. 

In  that  case,  the  ratio  of  the  entire  volume  of  the  bore 
to  the  weight  of  the  projectile  q,  which  is  expressed  by  the  for- 
mula: 

\*ipm  - A) 


VKH  W0 


(1  - r * >0 
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d p , also  be  a function  of  only 

will,  at  predetermined  d.  Q.  *»»  an 

two  variables.  namely  * — /q  and  ,,/q.  it  - ^ 

the  quantities  *KH/q  0 entire 

In  place  of  * ^ relative  lengths  of 

introduce  into  equat  on 

bore  and  chamber  in  CaUber“'of  the  volu-e  of  the  bore  is  desig- 

If  the  corrected  lengt  then: 

, + t - L ' , she  re  sL^  kh 

nated  *s  D 


+ *4 


(123) 


Cl  - r')‘ 


s0  <» 


being  a function  of  A and  old- 

A « 


*. — :\^w“  - % 

Upon  designating  n1  “ 1 

V>  , iD  - J„  * >»  - ('»  - H*  ‘ ' 

LKH  “ X (1231,  ve  Obtain: 

, lts  expression  in  U23). 

B,  substituting  fot  LKH 

.•1  : 

1 


, t.  [ 

bKH  _ 0 

d " <> 


a & - n* 


, xO 

(1  - r’) 


and  furthermore*. 


'n  l0  l + « A-  M 


(125) 


U ” 1 > la8  presented  above  leads 

mterco.pariaon  among  d,  q,  vD,  and  P.  <*hich  l“ 

to  the  conclumlon  «... 1.  de9lgn>'  ^ 

. - is  usuai^y  f 
in  fact,  what  is  ” 

design  data_ fo£  gio 


STAT 


the  bore,  i.e.,  the  volu«e  of  the  entire  bore  and  of  its  working 
part,  the  chamber  volume,  the  lengths  corresponding  to  these  vol- 
umes, and  the  actual  length  of  the  bore  with  proper  allowance  for 
the  widening  of  the  chamber,  are  functions  of  only  the  two  variable 
loading  conditions  A and  to/q. 

Consequently,  each  of  the  above-mentioned  design  quantities 
can  be  expressed  in  a three-dimensional  coordinate  system  by  a 
surface  in  the  following  coordinates: 


„ ^ *KH  WD  W0  sLKH  or  !d  Jo  and  bs  . 

Investigation  shows  that,  at  predetermined  vD  and  P„,  these 
surfaces  (except  for  the  surface  representing  chamber  volumes) 
have  the  for-  of  unsymmetric.l  "hammocks"  with  their  convex  sides 
turned  downward.  The  lowest  point  of  the  "ha«»ock"  corresponds 
to  the  minimum  of  the  quantity  under  consideration,  and,  foi  each 
of  the-  - W^,  WD,  and  - there  exists  its  own  pair  of  values 

of  A and  co /q  Jn«a  th#ir 

(Fig.  159). 


Fig.  "0 

and  A ("Ha*»ockM  and  "Slop*"). 
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r~ 


— . existence  of  a minimum  ^ all  the  I„— «t.l  design 
elements  of  the  here,  such  as  the  volume  of  the  entire  hore  »M. 

Its  total  length  I,*,  the  path  of  the  projectile  through  the  hore 
t or  the  working  volume  of  the  hore  *D  - .lD. 

■! in  the  d£X£j^£H£Jj^—^-^--^-— EHS££^H£S— 

listic  design. 

Of  the  surface  V «•  «*  -teralned 

With  the  greatest  ease;  upon  being  intersected  by  A 

it  gives  as  functions  of  «/,  straight  lines,  which  Intersect  the 

A axis;  upon  being  Intersected  by  ~ q - const,  planes.  It  gives 

/ At  „no»  which  are  located  the 
equilateral  hyperbolas  W^/q A - const., 

higher  the  greater  is  co/q. 

Consequently,  this  surface  has  the  for.  of  an  asymmetric 
hyperbolic  slope  passing  through  the  A axis,  the  slope  having  a 

greater  gradient  at  small  A than  at  large  A . 

The  for.  of  the  W*,  and  «0  surfaces  Is  represented  In  Fig. 

159.  where  A and  <*>/q  are  plotted  along  the  coordinate  axes,  and 

Wra  and  W are  plotted  along  the  Z axis. 

The  loading  density  varies  fro-  A,,  which  corresponds  to  the 
given  p.  as  the  charge  burns  Instantaneously,  to  A,,  which  corres- 
ponds to  the  burning  of  the  powder  at  the  muzzle  face. 

, jj  _ the  a.  _ co/q  plane  correspond  to  loading 
The  points  A and  B on  the  Ck  <+>/*  v 

... ...  =»—•“/-  - ***  i-2;  **■  toi"“  ° c 

correspond  ,o  •«  .......  WOi,  “*  *“  °B"— ' 

„.  pol.«.  *.  0.  o.  0 d.n~  <“  oorroopondlop  to 

tbo  cb»«b.r  — — *■«  » *“ 

Bb,  CO.  ..0  DO-  Tb.  ~ ..0  .0  — 

...  .....  -b  ..  - •«**■»*  ^ 
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The  ordinates  Aa • , Bb',  Cc\  and  Dd’  express  the  magnitudes 
of  the  volumes  of  the  bore  of  the  gun  at  combinations  of  A and 
cu/q  corresponding  to  the  points  A,  B,  C,  and  D.  The  figure  makes 
it  apparent  that  Aa ' > Bb'>  Dd'>  Cc'>  Mm'.  The  ordinate  Mm1 
gives  the  minimum  volume  of  the  bore,  and  the  point  M on  the  A - 
- co/q  plane  defines  the  values  of  A and  q at  which  this  gun 
with  the  minimum  bore  volume,"  or  briefly  "minimum-volume  gun," 
is  obtained. 

The  ordinate  Hm  defines  the  chamber  volume  of  the  gun  with 
the  ainiaum  bore  volume. 

a)  Case  - const. 

If  an  intersecting  plane  ZOAH  is  passed  through  the  point  A 
and  the  Z axis,  its  intersection  with  the  chamber-volume  surface 
will  give  the  straight  line  ah,  where  Aa  - Hh.  On  the  surface, 

there  corresponds  to  this  straight  line  of  equal  chamber  volumes 
the  line  a’h*  of  decreasing  bore  volumes. 

By  proceeding  along  the  line  AH  on  the w q- A.  plane,  we  main- 
tain the  tangent  of  its  angle  of  slope  (co/q)Cl/^>  - q constant; 

consequently,  the  straight  lines  OAH  and  OIK  issuing  from  the 
origin  of  the  coordinate  system  represent  lines  of  equal  chamber 
volume  on  the  <^>/q  - ^ plane ; in  this  connection,  the  greater  the 
angle  of  slope  of  the  straight  line  the  larger  is  the  volume  of 
the  chamber  (Aa  - Hh  >>  Ii). 

The  diagram  shows  that,  if  the  design  is  subject  to  the  con- 
dition that  the  chamber  volume  have  a definite  magnitude  (WQ  - 
- const.),  this  condition  will  be  satisfied  by  different  bore 
volumes  (lines  a'h*  and  i'k*)  and  different  co/q  and  A,  from  among 
which  it  is  possible  to  select  those  that  are  most  suitable.  In 


irai 


Sanitized  Co[ 


ction  «/Q  varies  In  direct  proportion  to  the  ioading 
this  connection,  00 / " 

density  & • 


Fig.  160  - « Functions 

of  oo/q  and  A for  *jh  " con 


K.  r>se  V - const.  (Fig.  160). 


. „ « const.,  we  obtain  a 

parallel  to  the  - d - A pU«,  KH 


. - , tek  the  w q - ^ PA»UC'  ' Rji 

parallel  to  tne  m «»h’b,K,e  Conse- 

line  of  intersection  in  the  for.  of  ficd  by  various 

— ~ **• 

combinations  of  A *n  ^ wbich  def ine  tbe  extreae 

«•**»“■  and  nini.un  values  « “ ,-b-  ,ud  h'g’>,  two 

— *f  the  — rre::;::^  - « — - 

values  for  A corre.pon  lB  conf0rsit,  with  this,  the 

“/«•  correspond  to  ewer,  value  • ^ , B„ller 

, alaa  has  two  walues  - a g 
chamber  volume  also  nas 

value  - for  ewer,  case.  ^ _ A 

The  projection  AHBG  of  the  ow.l  a h b g upo 
Plane  wiU  -l-  - - oval.  On  the  h,perbolic-.lope  surface 
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4 ntflrsectlon  With  the  cylinder 
expressing  the  chamber  volu-es,^  po88eB8e8  a co.plex  curva- 

Aa-Hh'Bh-Gg’  gives  the  line  ^ origin  of  the  coor- 

— *■  ~~  » **-■“ ; . ....  ~ w,  - a ...... 

the  Dro lection  ol  the  ov»x 

, ..  ... ....... .....  - - ■*— ' — ,r 

the  line  OR  will  g minimum  value  for 

i i i trive  the  minima 
. v and  the  line  OS  will  8 
at  the  given  an 

i p s8  at  the  same  bore  volume  W^. 
the  chamber  volume  Ss  a - A plane 

4 hore  volumes  are  represented  on  the  ~ 4 
Thus,  equal  bo  „ which  corresponds 

tnc  ovals,  whose  center  is  the  point  *0. 
by  concentric  ovais,  The 

. „ volume  at  predetermined  q,  v , an  P„- 

to  the  minimum  bore  volume  doe6  the 

- thf»r  from  the  center  q 
greater  the  bore  volume  the  farther 

corresponding  oval  He.  co5DITIONS  A AND  q 

3.  DETKRMINATIO^OF  LOAimjM_voloiIE  GUir 

A.  Determination  of  Loading  Density*^ 

Value  of  <*>/<!  or  r * 

I.  the  general  case,  the  expression  for  W^/q  has  the  fol- 


lowing  form: 


"KH 


CjJ  1^ 

q a 


<A.  . . - •»  1.  - ¥»  - ‘.S  5 , 
■ 1 


I 


a Ai . (126) 


(1  - r*> 


tltle,  A and  B are  not  expressible  analytically  as 
The  quantities  AK  differentiation  of 

*4  . of  A for  which  reason  the  partial  dlffere 

functions  of  A . . la  not  possible. 

. (126)  to  determine  the  minimum  W^/q  i» 

expression  (12»)  *o  necessary, 

,o  ...........  >«•  «—  *«  . 

4 turn  a constant  value  tocj/q,  to  vary  A, 

•f ter  assigning  - tfce  z.  A plane, 

to  intersect  our  surface  by  planes  para 
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, Of  the  curves  obtained  In  each  section 

- - — ^ f0r”  I after  successive!,  assigning 

i8  a function  of  A . Thereupon,  ^ ^ 

t_  a it  is  necessary  to  vai,~/n 
definite  values  . d in  each  given  section 

determine  the  for.  of  the  curves  obtained 

as  a function  ofco,V  _ l8  obtained  only  for 

. analytical  solution  at  q 

. . o,  with  a powder  possessing  a constant 

the  simplest  case  y ^ » 

lor  M ro,oo,l,  i. 

In  this  case  (from  tne 
period) - 


"KH  u>  1 i 1 - 


t a & \ ; 


q q A 1 b i i 

(1  - M)e  (1  - «■•)  1 

f constancy  of  the  pressure  P.,  the  quantity 
Under  the  condition  of  constancy 

„ A bv  the  following  equation: 

B is  connected  with  A by  tne 

./  a»  (128) 

B “ 7 _ aA  I - a 

A 


r2ce)f 


■*  - "■ 

b,  . »r » 

,.»/*- «. — » *-9/2 


*KH  m to 


-r-H-^f 

m a 7 


+ «l  - 
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occurs  in  the  loading  density  A H at  which  the  mini»u»  bore  volume 
is  obtained.  It  does  not  depend  upon  the  quantity/,;  consequently, 
at  any  desired  value  ofco/,  - const.,  there  exists  a minimum  bore 
volume,  and  it  is  always  obtained  at  one  and  the  same  loading  den- 
sity A H,  which  depends  only  upon  the  maximum  gas  pressure  Pm. 

shall  designate  this  loadft_gS°£il3L^H  as  the  MOSt  adVa°~ 
tageous  loading  depslty» 

The  values  of  A„  applicable  to  our  tables  for  the  cas + 0 * 

• 0 were  given  approximately  by  Professor  N.F.  Drozdov^  16_  in 
1940  and  were  then  rendered  -ore  exact  by  the  work  of  M.S.  Gorok- 
hov, rnj  -ho  gave  a detailed  table  of  values  of  AH  for  various 
pm  in  the  range  of  2000-4000  kg,  cm2  for  X - 1.06  and  1.00. 

Excerpts  from  this  table  are  presented  b^low : 


p. 

2000 

2400 

— T i 

2800  | 3200 

i ' 

3600  | 

4000  | 

i 

0. 53 

o 

to 

o 

j 

0.66  J 0.71 

0.76 

i 

i 

0.81 

For  X - l*06 

In  the  case  of  X - 1.0,  AH  increases  by  approximately  0.02  in 
comparison  with  the  values  shown  in  the  above  tabulation. 

For  the  numbers  in  the  first  table  at  X - 1.06,  we  have  suc- 
ceeded in  deriving  the  following  approximate  empirical  relation: 


A , - 300 

v 5700 


where  p i«  given  in  kg/cw2- 

If "express ion  (129)  is  substituted  in  the  following  formula 


for  B: 
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Consequently,  the  Minimum  bore  volume  at  any  value  of  Pm  and 
at  the  value  of  AH  corresponding  thereto  is  always  obtained  at  one 
and  the  same  constant  value  of  the  parameter  of  loading  B. 

For  the  case  of  - 0,  at  0 - 0.2,  - 1.667. 

In  accordance  with  the  data  of  M.S.  Gorokhov,  for  the  tables 
of  Professor  Drozdov,  at  p0  - 300  kg  cm2,  BH  also  has  a constant 
value : 

Bh«?  1.91  - 1.93 


B.  Determination  of  Most  Advantageous  Weight  of  Charge 
to  Attain  Minimum  Bore  Volume  Cat  A - const.!. 

If,  in  equation  (126),  A is  assigned  different  constant  values, 
(i.e.,  if  the  *jQj/q  -A-  co/q  surface  is  intersected  by  planes  para- 
llel to  the  if-n/q  -co/q  plane),  it  becomes  possible  to  determine 

IvH 

the  conditions  and  values  of  w/q  at  which,  in  these  cases  the 
minimum  bore  volume  is  obtained.  In  this  case,  in  equation  (126), 
not  only  A will  be  constant,  but,  for  a selected  value  of  pa,  the 
following  function: 

1 I 

K - (Ag  + 1 - afl)  [l  - ^(1  - *0>2J  9 - f(P«,A). 


will  likewise  be  constant. 

Let  us  introduce  in  the  place  ofco/q  a new  variable  r'  (cf. 


p.  808)  : 


b “ 

q 


rf  - k 


q 
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"T 


where  ky  - v^O/2gf;  from  this: 


ak 


* r ’ - bktl 


Expression  (126)  will  be  transformed  to  the  following  form: 


KH  x 
Q A (, 


akv 


bkv) 


1 

e 


a A 


(126') 


(1  - r ' ) 

By  differentiating  this  expression  with  respect  to  r’,  we  obtain 


the  condition  for  minimum  W , q in  the  following  form: 

KH 


1 r ' — bkv 


i e 


e e + 1 

(1  - r’)  <1  - r’)* 


a A - o 

K 


1 Ll  ~ bkv 
9 


(1  - r*) 


i ♦ i 
© 


- - - - f(p,A) . 

IK 


(127) 


(1  - r’)  © 


At  O - const.,  the  left-hand  side  of  the  above  equation  is  a 
function  of  r*  and  of  the  predetermined  velocity  vD,  which  enters 
into  1^  - v^6/2gf;  the  right-hand  side  o^K  is  a function  of  pm 
and  & ; it  is  known  in  advance.  By  selecting  values  of  r*,  it  is 


possible  to  satisfy  equation  (127)  and  to  find  the  value  at 


which  Vgij/q  will  have  its  minimus. 


If  the  minimus  bore  length  or  the  minimum  total  path  of 


the  projectile  through  the  bore  lD  are  sought,  then,  by  differ- 
entiating expressions  (124)  and  (125),  which  have  the  same  struc- 
ture as  expression  (122),  we  shall  obtain  the  following  conditions 
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for  the  minima* 

For  the  minimum  bore  length 


(128) 


ond  the  minimum  length  of  P— 


d2y) 


(1  - r * ) 


we  see  that  their  left 

tHr-ee  conditions,  wt  se 

Comparing  all  these  reBidlng  only  In  their 

hand  sides  are  the  same.  ^ equation  (127)  has  the 

right-hand  sides;  the  right-han  and  iB  (129)  it  1.  negative 

noo\  (♦  is  saa  A * * 

greatest  value,  ln  will  be  greatest,  in  the 

(slnce  a A < 1)  • In  tl,e  “r8t  C"Be’  ° , _ ak  - bk),  they  vary 

( to  the  quantities  co/Q  " akv  °0  v 

— case  least;  as  to  t « 8lgnlflcanCe  of  « ese  relations 

ln  tie  opposite  direction. 

1SteV  lhl8  equation.  «.*•  Krinitsky 

For  determining  r0  t se  the  quantities 

„ nomogram  which  -akes  it  possible 
designed  a nomog  16i). 

a**  and  x-  - 1 - **v  «*  r0  8caiefj  . , leIt-hand 

The  no-ogra—  consist-  of  two  un  ^ ^ 0>90  to  1.00  and 

scale  o,  value,  of  x ’ - 1 - ^v  ' 1 ' 7 2g  _ 

. — - - — 

- * “°nUnlfOP"  CUr-linear  8C  edge  the  value  of  x*  corres- 

connecting  ^ and  the  value  of 

ponding  to  the  given  velocity 
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a4/K  corresponding  to  the  chosen  values  ot  A and  pm  Uou  ^ 

table  of  the  function  a^K  from  the  basxc  numbers  for  an  P», - * ' 

p.  824),  we  read  off  at  the  point  of  intersection  of  the  strait  - 

* which  satisfies  the  condition 
edge  with  the  r'  scale  the  value  r0  which 

of  minimum  volume  or  length  of  the  bore 

Xo  aetermine  the  minimum  bore  voiume,  the  value  of  a./K  is 

taken  on  the  right-hand  scale.  To  determine  the  minimum  length^ 

the  bore  in  the  presence  of  an  expansion  (widening)  of  the  chamber. 


Fig.  161  - Womogram  for  Determining  Optimum 
* r£ (Efficiency). 

1)  Values  of  r*  ate  - 0.181;  2).  key. 

..... .. .....  o» ...  r.**---  ““  *“  — 

where  n*  - 1 -U/X>.  To  determine  the  minimum  length  o 

of  the  projectile  the  quantity (a  A - - » Is  taken  on  the 
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right-band  scale. 

The  no-ogre-  shows  that,  in  confor.ity  with  these  three  cases 
of  deter-ining  the  »lni»a  at  a predeter-ined  vD,  the  point  on  the 
right-hand  scale  -oves  downward,  the  value  of  r decreases  acco 
ingly  (the  straight  line  rotates  around  a predeter-ined  point  x’>, 
and  consequently  the  values  atWq  and  *0  q Increase,  sinceeo/q  - 
and  WQ/q  -(«  q)  ( 1/4),  where  A - const. 


- a / r ' 


Thus,  the  gun  with  the  minimum  bore  length  L 


KH' 


and  to  an 


even  greater  degree  the  gun  with  the  -ini-urn  length  of  path  l „, 
are  obtained  with  a larger  cha-ber  volu-e  and  a larger  weight  of 
the  charge  in  co-parison  with  the  nini«u--volu-e  gun. 

Therefore,  the  gun  with  the  -lni-u-  bore  volume  which  ensures 
the  attain-ent  of  a predeter-ined  initial  velocity  of  the  projec- 
tile vD  at  a chosen  pressure  has  a s-aller  chamber  volume  and  a 
s-aller  weight  of  the  charge  than  the  gun  with  the  -lni-u,  .bore 
length  or  with  the  -lni-u-  length  of  the  path  of  the  projectile, 
while  having  nearly  the  s.-e  actual  bore  length;  for  this  reason, 

it  may  be  designated  as  "optimum./* 

With  the  aid  of  the  no-ogra-  designed  by  Engineer  Krlnitsky, 
it  is  possible  to  follow  the  influence  of  other  factors  as  well  as 
upon  the  design  data  and  the  loading  conditions. 

For  ex— pie,  as  the  -axl-u-  pressure  P„  for  a predeter-ined 
value  of  vD  is  increased,  the  quantity  at/X  increases,  the  point 
on  the  right-hand  scale  -oves  upward,  and  the  quantity  r*  increases, 
but  this  reduces  the  weight  of  the  charge  and  the  cha-ber  volu-e. 

If  A and  p.  are  -alntalned  constant  (the  point  aA/X  is  fixed), 
then,  a-  the  velocity  of  the  projectile  changes  (increases),  x’ 
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Table  of  ad/K  (froo  Gil)  Table* ) (u  - 1). 


1600  1800  2000  2200  2400  2600  2800  3000  3200  3600  4000  4400  4800  52 00  5600  6000 


3.376  0.404 
3.384  0.415 
3.389  0.424 
3.392  0.430 

3.394  0.436 
3.396  0.440 

3.395  0.441 
3.394  0.445 
3.388  0.444 
0.378  0.437 
3.367  0.433 
0.349  0.421 
0.335  0.422 
0.319  0.398 
0.297  0.381 
0.282  0.362 

- 0.339 

- 0.317 


0.424  0.4 
0.440  0.4 
0.453  0.4 
0.465  0.4 
0.474  0.5 
0.481  0.5 
0.486  0.5 
0.489  0.5 
0.490  0.5 
0.491  0.5 
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0.440  0.5 
0.420  0.4 
0.402  0.4 
0.377  0.4 
0.351  0.4 

- 0.4 
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.395  1.503 
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decreases,  the  point  on  the  left-hand  scale  moves  upward,  the 
quantity  r*  increases  and  the  quantities  c*>/q  and  WQ/  q decrease, 
the  volumetric  expansion  ratio  increases,  and  the  gun  is  set 
up  with  a smaller  relative  chamber  volume. 

Knowing  Tq,  we  determine  the  relative  charge  ^q/q  at  which, 
in  the  presence  of  a givenA , a bore  of  minimum  volume  is  obtained, 
with  the  aid  of  the  following  formula: 

^0  aku  a 

Q 


ro  ~ bkv 


- b 


Thus,  the  values  of  r^  and  q at  which  the  minimum  bore 

volume  is  obtained  depend  upon  the  quantity : 

and,  for  each  value  of A,  and  uQ/q  will  have  their  own  values. 

The  values  of  a4/K  as  a function  of  A and  pM  are  presented 
in  a separate  table,  which  shows  that,  as  A Increases  at  a given 
p a/VK  at  first  increases  until  it  reaches  a saxlsus  value,  and 
then  begins  decreasing  again.  The  saxisus  aA/K  defines  that  sost 
advantageous  loading  density at  which  the  sinisus  bore  voluse 
is  obtained. 


Fig.  162.  - Relation  between  Function  aA/K  and  Loading  Density. 
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Curves  for  a^/K  as  functions  of  A at  various  P-  are  presented 
in  Fig.  162. 

Thus,  on  the  basis  of  investigations  of  the  general  relations 
of  interior  ballistics,  there  have  been  established  other  general 
relations  connecting  the  design  elements  of  the  bore  of  the  gun 
with  the  loading  conditions  at  a predetermined  caliber,  weight  of 
the  projectile,  its  initial  velocity,  and  maximum  gas  pressure, 
and  there  has  been  derived  a procedure  for  determining  the  load- 
ing conditions  at  which  a gun  with  the  minimum  bore  volume,  or 
the  optimum  gun,  is  obtained. 

The  diagrams  presented  for  purposes  of  illustration  show  that 
a given  velocity  vD  at  a chosen  maximum  pressure  Pn  can  be  obtained 
in  the  presence  of  the  most  diverse  combinations  of  design  data 
and  loading  conditions  - with  shorter  or  longer  barrels,  large  or 
small  chamber  volumes,  and  large  or  small  loading  densities  and 
charge  weights. 
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CHAPTER  3 


APPLICATION  OF  DERIVED  RELATIONS  TO 

PRACTICAL  TO 


1 DIRECTIVE  DIAGRAM,  ITS  CONSTRUCTION 
AND  INVESTIGATION. 


To  guide  the  expedient  choice  of  variants  in  ballistic  design, 
there  is  presented  below  a combined  diagram  of  the  design  character- 
istics and  some  ballistic  characteristics  of  a gun,  which  makes  it 
possible  to  take  into  account  some  of  the  tactical  and  technical 
specifications  imposed  upon  the  gun  as  well.  This  diagram  is 
designated  as  a "directive  diagram,”  since  it  gives  directives  and 
instructions  concerning  the  direction  that  must  be  followed  in 
choosing  variants  satisfying  the  specifications  imposed. 

In  constructing  the  diagram,  use  has  been  made  of  the  diagrams 
of  the  variations  of  W^.  q and  Wq/ q as  functions  of  A and  «/q 
("hammock"  and  "slope")  presented  above,  which  give  the  fundamental 
design  characteristics  of  the  gun.  At  predetermined  q,  Vp,  and  PB, 
the  directive  diagram  represents  a projection  upon  the  A - >*>/q  plane 
of  the  sections  of  the  W^/q  and  W^  q surfaces  formed  by  planes 
parallel  to  the  A - «/q  plane,  which  give  in  the  section  lines  of 
equal  W^/q  and  »0/<»-  There  is  obtained,  u,  > manner  of  speaking, 
a topographic  map  of  the  W^/q  and  W0/q  suriaces  on  the  A - u./q 
plane  (Fig-  163) • 

1.  The  fundamental  point  of  the  diagram,  its  "center,"  is  the 
point  11,,  with  the  coordinates  A„  (most  advantageous  loading  density) 
and^Vq  (optimum  relative  charge),  which  represents  the  minimum- 
volume  gun  at  predetermined  q,  vD,  and  P,.  and  which  corresponds 

to  the  lowest  point  of  the  "hammock"  «ra/q  “ *<«/q,  ^ >• 

2.  There  are  circumscribed  around  the  point  M0  oval-shaped 
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_ /„  w"  /a  /a.  known  ne  the 

curves  of  equal  bore  volumes  W^/q, 

......  — *■“*—*““ 

« n—  ■„/■>  - “»■*•  r““l"  p,r*‘“l  “ 

u>/q  - a plane 


FIk  163  - Directive  Diagram  for 
Choice  of  Variants. 


The  larger  the  bore  volume  the  farther  is  the  corresponding 
bore  isochore  from  the  point 

WKH0  < *KH  4 WKH  < WKH 

pol.<  ^ *»  “ *“  “*  * S°110W 

.Id..  ....  ....  * “»**'  ‘o  *“  p*r,P“r’- 

3.  The  ........  I.—  *“  *“ 

..d  .........  ...11  ..«»  idtdTdddt  «•  ortln...  .<4-1, 

„„  .....  i.  .......  ...i.  »'  «f  V- 

V-  “”*  V’  •«'<>"*>  - “*  “• 

Tb.  ...  .<  •!«-  * “ **• 

.....  .....  »•  «' 
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of  the  surface  of  chamber  volumes  WQ/q  - A>  in  the  form  of 

a hyperbolic  slope  by  planes  parallel  to  the  u>/q  - A plane  at 
various  distances  fro*  the  latter  (cf.  Fig.  159  above). 

The  straight  line  passing  through  the  point  Mq  represents  the 
chamber  volume  for  the  minimum- volume  gun  WQH/q. 

The  straight  lines  of  equal  WQq  tangent  at  the  left  and 
right  to  the  oval  with  a given  bore  volume  Wj^/q  give  the  maximum 
and  minimum  values  for  the  chamber  volume  at  the  given  bore  volume. 
Definite  pairs  of  values  for  «->/q  and  A correspond  to  them. 

4.  Knowing  the  values  of  W^/q  and  W0/q  for  every  point  of  the 
<*>/q  - A plane,  it  is  possible  to  determine  the  corresponding  values 
for  the  volumetric  expansion  ratio  AD  (AD  - (W^  - w(j/w0  " 

the  most  important  design  characteristic  of  the  bore  of  the  gun. 

By  plotting  lines  of  equal  on  the  same  diagram,  we  obtain  a 
family  of  "iso-AD"  curves  in  the  form  of  dotted  lines  with  values 
of  Ad  marked  on  the*  ( fro*  2.5  to  8.0).  The  greater  A D the  far- 
ther to  the  right  and  the  lower  is  the  curve  of  equal  Ap  located. 

5.  In  addition  to  these  purely  design  characteristics,  there 
has  also  been  plotted  on  the  diagram  a family  of  curvos  of  equal 
quantities^  - /g/Jp,  which  characterize  the  position  of  the  eH 

of  burning  of  the  powder  as  a function  of  o»/q  and  A.  On  each  of 

• ) 

them  is  marked  the  corresponding  value  of  fro*  0.3  to  1.0. 

The  line*^  — 1.0  corresponds  to  the  position  of  the  projec- 
tile precisely  at  the  muzzle  face  at  the  end  of  burning  of  the 
powder. 

w)The  data  have  been  obtained  by  treatment  of  tables  contained  in 
the  work  by  M.S.  Gorokhov,  "BALLISTICHE8KI  RASCHET  ORUDIYA"  ’’Bal- 
listic Computation  of  Guns,*'  1941. 


i 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


► 


6.  The  loading  parameter  B at  a given  value  of  p„  is  an  in- 
creasing univalent  raonotonic  function  of  A;  at  A-Aj  . . • » 

B - 0;  at  A B^  - 1.91-1.93. 

The  B- A curve  is  also  contained  in  the  diagram. 

7.  Since  a very  important  factor  in  ballistic  computations 

is  the  accuracy-life  characteristic  of  a gun  of  design  under  given 
loading  conditions,  the  formula  of  V.E.  Slukhotsky  for  the  character- 
istic of  the  number  of  shots  Nyc,  was  used  to  compute  lines  of  equal 
values  of  N.  These  equal  accuracy- 1 i fe  lines  have  also  been  plot- 
ted on  the  directive  diagram;  they  are  arranged  in  the  form  oi 
straight  lines  nearly  parallel  to  the  A axis.  The  larger  the 
quantities  SycJ)  - the  number  of  shots  which  the  system  is  capable 
of  withstanding  - the  lower  is  the  corresponding  straight  line 
located:  N3  > N2  > Ni* 

Consequently,  in  order  to  improve  the  accuracy  life,  it  is 
more  advantageous  from  the  point  of  view  of  the  design  to  take, 
as  far  as  possible,  small  u>,  q,  large  A,  and  small  chambers. 

8.  The  heavy  dashed-dotted  line  E-E  in  the  diagram  corresponds 
to  the  economical  loading  conditions;  it  passes  from  the  upper  left 
toward  the  lower  right  part  of  the  diagram  and  intersects  the  A- 

ordinate  somewhat  below  the  point  Mq. 

At  pressures  p^  < 3200  kg/cm2,  the  economical  loading  conditions 
(Ag  and  o»B/q)  give  good  results  in2 ballistic  design. 

9.  The  characteristic  ^ is  reciprocal  to  the 

quantity  «Vq  plotted  along  the  ordinate  axis.  As  <o/q  decreases 
at  a predetermined  value  of  vQ,  Increases.  The  lines  of  equal 

-T^are  straight  lines  running  parallel  to  the  A axis.  At  a pre-  j 

determined  v„,  the  scale  can  be  plotted  parallel  to  the  *»/q  | 
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scale  in  the  opposite  direction. 

10.  An  understanding  of  the  variation  of  oge  of  the  fundamental 

■ **  n 


p / 
av.  » 


ballistic  characteristics,  - Pav/P„  " 2gW^  ' °r  bette*"’,D  “ 

2 

_ qVp  (without  H>)  can  be  obtained  by  proceeding  along  one  of 

2S*DP,n 

the  straight  lines  of  equal  WQ/q. 

At  the  points  of  its  intersection  with  the  oval  of  equal 

volumes  wVq,  we  have  equal  Wj/q  and  equal  values  of  -«)£>.  The 
Kxi 

point  on  this  line  located  on  the  perpendicular  line  dropped  from 
the  point  Mq  will  be  closest  to  the  point  hQ  and  will  correspond 
to  the  minimum  bore  volume  W^/q ; at  equal  WQ/q,  it  will  also  cor- 
respond to  the  minimum  working  volume  Wp/q  and  consequently  to  the 
maxinum  value  of 

It  can  be  stated  that,  in  the  zone  below  and  to  the  right 
of  the  line  OMq,  the  closer  the  point  under  consideration  to  the 
point  Mq  the  smaller  is  W^/q,  the  larger  WQ/q,  and  the  larger 
the  ratio  of  the  muzzle  energy  to  p„  and  to  the  working  volume 


of  the  bore. 


2.  APPLICATION  OF  DIRECTIVE  DIAGRAM. 


After  clarifying  the  values  and  character  of  variations  of 
all  design  characteristics  of  the  bore  of  the  gun,  of  the  loading 
conditions,  and  of  the  conditions  of  the  shot,  it  is  possible  to 
limit  the  zone  of  practical  design  on  the  directive  diagram  and 
to  outline  the  general  procedure  for  the  selection  of  variants 
in  order  to  obtain  a solution  with  a minimum  number  of  variants, 
in  the  first  place,  there  is  eliminated  from  the  region  of 
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practical  design  the  area  to  the  right  and  upward  from  the  "*J  K - 0.80 
line,  since  so  large  a magnitude  of  does  not  guarantee  the  actual 
combustion  of  the  powder* 

In  the  second  place,  there  is  eliminated  the  /one  to  the  left 
and  upward  from  the  straight  line  O*0,  since  this  is  a /one  of  ex- 
cessively large  chamber  volumes  and  small  Ap. 

There  remains  for  practical  design  a /one  in  the  form  of  a sec- 
tor downward  from  the  point  M0,  it  being  preferable,  if  conditions 
permit,  to  use  the  right-hand  part  of  this  sector  at  A > A„.  Such 
loading  densities  are  in  practice  attainable  at  pressures  of  2500- 
3200  kg,  cm2,  to  which  correspond  the  most  advantageous  - 0.62-0.71. 

It  is  very  difficult  to  attain  A >0.75  with  existing  tubular  powders, 
so  that  A - 0.75  is  as  yet  the  limiting  possible  loading  density. 
Grained  powders  with  seven  channels  and  fine  powders  for  small  arms 
make  it  possible  to  raise  A to  0.80  and  even  to  0.90. 

At  very  high  pressures  p„  ( > 3500  kg  cm2),  the  most  advantageous 
Ah  increases  to  above  0.75,  but  i,  is  in  practice  unattainable  for 
powders  possessing  a tubular  shape,  and,  in  selecting  variants,  rt 
becomes  necessary  to  move  to  the  portion  of  the  sector  on  the  left 
of  A„,  to  small  loading  densities  for  the  given  Pn,  which  leads  to 
Increased  chamber  volumes,  reduced  parameters  B,  and  an  earlier 
burning  of  the  powder;  Tk  may  be  smaller  than  0.40.  It  is  in  this 
same  zone  that  the  solution  for  howitzers  should  be  sought,  in  order 
to  obtain  0.25-0.30  with  a full  charge;  this  will  make  it 

possible  to  obtain  complete  burning  of  the  powder  with  reduced 
charges  as  well. 


833 
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3.  SEQUENCE  OF  COMPUTATIONS 
A,  Preliminary  Choice  of  Basic  Quantities. 

On  the  basis  of  the  relations  established  above  among  the 
design  data  for  the  bore  of  the  gun,  the  loading  conditions,  and 
the  energy  characteristics  of  the  shot,  it  is  possible  to  outline 
the  following  sequence  of  ballistic  computations- 

1.  From  the  predetermined  magnitudes  of  the  caliber  d,  the 
weight  of  the  projectile  q,  and  the  initial  velocity  vQ,  there 
are  determined: 

a)  the  coefficient  of  the  weight  of  the  projectile  cq  - q/d 

kg/  dm3 ; 3 

b)  the  coefficient  of  the  power  of  the  projectile  C£  - Ep/d 

2 2 

qvD  _ c VD  t» 

2gd3  q2g  dm3 

2.  From  the  quantity  C£  , there  is  chosen  in  Table  21  the  max- 
lnus  gas  pressure  pb,  rounded  off  to  the  nearest  100  kg/cm2  in  the 
upward  direction,  as  -ell  as  the  coefficient  of  widening  of  the 
chamber  X. 

Table  21  - Table  for  Selection  of  pm  and  X. 


The  experience  of  the  Great  Patriotic  War  has  shown  the  exist- 
ence of  a tendency  toward  increasing  the  pressure  p,  at  a given 
coefficient 
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In 


For  example,  at  Ct  - 1600,  pB  - 3900-4000.  It  is  true  that 
such  high  pressures  cause  difficulties  with  the  extraction  of  shell 
cases  and  with  obturation. 

3.  From  the  magnitude  of  the  maximum  pressure  pn,  there  is 

/ n oaa 

selected  with  the  aid  of  the  formula  A 


300 


5700 


- the  most  ad- 


vantageous  loading  density  ah,  at  which,  for  the  given  charge  -/«. 
and  pressure  Pffi,  the  required  velocity  of  the  projectile  v„  is 
obtained  with  the  minimum  volume  of  the  bore  of  the  gun. 

B.  Determination  of  Data  for  Minimum- Volume  Oun. 

4.  For  every  pair  of  values  of  vD  and  PB,  there  exists  at  the 
loading  density  ah  »■>  optimum  value  <->(/q  at  which  the  bore  volume 
has  its  mlnianim  value  (minimum  minlmorum)  • 

The  optimum  weight  of  the  charge  >-»0/q  is  a function  of  Pm,  vD, 
Ah,  and  the  coefficient  b in  the  formula  <f  - a + b(-/q>.  To  find 
it  in  a preliminary  way  on  the  basis  of  the  nomogram  of  N.  A.  Krin- 
itsky  from  the  basic  quantities  aA/K  - f(Pm,A>  (given  in  the  table 
under  the  two  headings  pB  and  A)  and  x'  - 1 - bky,  where. 


7S 


dm 

sec 


v f 2g  932 • 10® 
there  is  found  the  complete  coefficient  of  efficiency  r’  -«frD* 
Thereupon,  there  is  found : 


and  then : 


Jo  . -0  1.  w !o  q and  io  . !o  . 


q a 
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After  determining  the  auxiliary  quantities: 


K - ciA  : and 


(1  - r*> 


( taken  from  the  table  in  the  preceding  Chapter),  there  is  found 


the  value  of : 


Ad  + 1 - ^2  + QA 


followed  by: 

*D  " W !D  “ >0AD:  *KH  " W0(AD  + U- 

prom  p.  and  A,  using  the  tables  of  Professor  K.F.  Drozdov  or 
the  CAU  Tables.  Issue  ho.  IV.  B„  and  A,  are  found:  thereupon  it  is 
possible  to  determine: 


T la  /B^"and  *g  _ "J  d; 


Ag  Ig 
’’K  “ AD’  d 


at  ! - 950,000  115^  = g - 98.1! 

kg 


I - 98.4 
g 


I„  this  manner,  there  are  found  the  data  for  the  minimum- 
volume  gun  ,ith  the  aid  of  analytical  formulas  and  tables  set 
up  for  the  case  of  standard  constants  (constants  of  GAD  Tables 

of  1943). 

This  gun  is  represented  b,  the  point  «0  on  the  directive 
diagram.  ^ ^ 

ri  do  hWP~  <•  “ “*  *“  T*bl**•  " 

(IJ  ...  ..  —a.  «— • *“  °f  “* 
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minimum- volume  gun,  it  is  possible  to  make  use  of  another  method  of 
approximation,  since  it  is  known  that,  as  has  been  shown  by  computa- 
tions, the  quantity  ^ for  the  optimum  gun  is  a function  of  C£  , as 
defined  by  the  following  tabulation: 


c 

100-1000 

1200 

1400 

1600 

0 

85 

84 

83 

82 

After  Vo  18  derived  fr°"  the  abOVC'  therC  iS  f°Und: 

1 

q " 2g  VO  * 

Making  use  of  the  special  form  for  ballistic  computation,  there 
is  performed  in  the  first  column  of  the  second  page  of  the  form  a 
computation  of  the  data  for  the  gun  having  the  minimum  bore  volume 
with  predetermined  d,  q,  vD.  and  p..  This  is  done  with  the  aid  of 
the  1943  GAU  Tables,  Part  IV. 

5.  On  the  basis  of  the  predetermined  A„,  Pn,  and  >>o'  the  fo1 
lowing  quantities  are  found  in  the  sequence  indicated  in  the  form. 
Ballistic  Computation  of  Barrel 

Type  of  system  being  designed  . . . 

Supplementary  conditions  . . • 

Caliber  d ■*  • • • 

Weight  of  projectile  q - ...  kg 
Muzzle  velocity  vD  - . • • */8ec 

Cross-sectional  area  of  bore  s - ngd  - . 


da 
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24)  - !0  + V 

This  computation  is  performed  in  the  first  column  of  the  form, 
and  its  fundamental  data  are  entered  in  the  first  row  of  the  summary 
of  results  on  the  third  page  of  the  same  form. 

It  is  in  this  manner  that  there  are  determined  the  design  data, 
loading  conditions,  and  fundamental  characteristics  of  a gun  with 
the  minimum  bore  volume  at  predetermined  d,  q,  vD>  and  PB- 

6.  The  minimum-volume  gun  Is  actually  the  optimum  gun  for 
velocities  of  the  order  of  1500  m,  sec  and  higher,  when,  in  conse- 
quence of  the  very  large  dimensions  of  the  gun,  the  minimum  volume 
and  length  of  the  bore  constitute  decisive  and  fundamental  criteria 
in  the  choice  of  variants. 

In  this  case,  the  solution  is  found  at  once,  without  supple- 
mentary variants,  and  is  the  only  acceptable  solution,  even  though 
the  gun  obtained  has  a relatively  large  volume  chamber  <*D  - 3.0- 
3.5),  a relatively  large  cha-gc  weight  - q,  and  a small  coefficient 
of  u tl  1 1 ration  of  the  charge  ^^,(82-85  tm  kg). 

For  projectile  velocities  lower  than  1500  msec,  of  the  order 
of  600-1200  m/sec,  the  minimum-volume  gun  is  not  to  be _re commended 
and  represents  merely  a point  of  departure  for  other  variants  by 
setting  a lower  limit  upon  the  bore  volume. 

C.  Design  at  Usual  Projectile  Velocities. 

To  judge  in  what  direction  and  how  the  loading  conditions  and 
design  data  of  the  bore  must  be  changed  in  order  to  obtain  a solu- 
tion satisfying  the  requirements  with  a minimum  number  of  variants, 
it  is  necessary  to  make  use  of  the  -directive  diagram." 

To  obtain  practically  convenient  solutions  at  vD  - 600-1200 
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to  depart  fro.  the  .lnim.-volu.e  Bun  in  the 
./sec.  It  in  neCeS8>rythe  weight  Qf  the  charge  and  the  cha.her  vol- 
direction  ^ ^ and  1<jngth  #f  the  here  being  sce.hat  ln- 

:;d  ^ .<  - - — the  cbarge  ^ 

.....  >*  — - - “r“ 

’ A - A this  corresponds  on  the 

ant  the  sa.e  fading  dens.^^  center  of  the  dlagra.  (the 

point  >*o>-  r _Ml_s  caI1  be  reconmended . 

,hc  following  formulas 
while  reducing  «*>  Q.  lh 


D ‘or  - «-4  + °'6 


1500/ 


1500, 


q Q \4 

where  vn  1b  stated  in  ■/■•«• 
Fro*  this: 


a 

_ a a likewise  re.aln 
HA  are  maintained  constant,  »“  g 

If  P.  »“d  ^ decroases,^K  - AK,^D  «»- 

constant;  and  since  AD  mcr  of  the  bore  volu«e 

dines,  and  the  characteristics  of  utili- 

/A  and  IL.  decline  at  the  sane  ti.e. 

“*  *“■  . ,X  >»  «•  «*«"*  <"“•  163> 

Let  this  value  o.  /q  be  r p , 

. t „ through  which  passes  the  isochore  ^ 
by  the  poln  . const.,  the  resulting  gun  has  a 

..... ...  — — > 

minimum  volume,  » . wlll  ^ve  farther  fro.  *o’ 

M/q  is  maintained  constant,  the  po 
and  the  bore  volume  will  increase. 
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Consequently,  in  this  case,  AH  is  most  advantageous  not 
generally,  but  only  as  long  as  the  weight  of  the  charge  Is  maintained 
constant,  and  this  4„  is  In  this  case  advantageous  only  in  a condit- 


ional manner. 

For  this  reason,  in  order  to  improve  the  utilization  of  the 
bore  volume  and  to  transfer  the  end  of  burning  to  the  muzzle  face, 
which  will  also  somewhat  increase  the  muzzle  pressure,  the  loading 
density  should  be  increased  if  the  gravimetric  density  of  the  pow- 
der permits  this  (in  practice,  if AH  < 0.70). 

Depending  upon  the  tactical  and  technical  specifications 
imposed,  and  in  their  absence  on  the  basis  of  the  requirement  to 
give  a rational  ballistic  solution,  it  is  possible,  in  choosing 
further  variants,  to  proceed  from  the  point  N in  the  following 
three  directions  (Fig.  163a). 


Fig.  163a. 

1.  While  maintaining  the  new  chamber  volume  constant  at 
by  moving  from  the  point  H to  the  right  and  upward  along  the  line 
OH  as  far  as  the  point  n located  on  the  perpendicular  dropped 
from  the  point  M0  upon  the  straight  line  OH,  and  consequently  by 
approaching  the  center  Mq,  to  obtain  the  minimum- volume  pin  at  the 
i ven  chamber  volume* 
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In  this  connection,  it  follows  from  the  condition  "o'*  -(“/<!> 
(1/A)  - const,  that  the  weights  of  the  charges  vary  proportionate^ 

to  the  loading  densities : 

co 2 : : » 

To  reduce  the  number  of  variants,  it  is  permissible  to  take: 

A2  “ AH  + °-01 

(Ap  corresponding  to  the  charge  o'  q at  A - A,j  in  the  point  S). 

In  the  point  n,  the  maximum  value  is  attained  for  Pav.  Pm 
at  the  given  volume  chamber,  ^ increases  to  0.65-0.75,  and  Ap 
decreases  slightly,  since  decreases  at  «0  - const. 

The  resulting  variant  will  undoubtedly  be  more  rational  than 
the  variant  corresponding  to  the  point  N,  since,  at  the  same  cham 
ber  volume  and  at  a smaller  bore  volume,  it  exhibits  better  energy 
characteristics  and 

2.  While  maintaining  the  bore  volume  constant  at  V,^,  it  is 
possible,  by  moving  fro-  the  point  S to  the  right  along  the  line 
...  ,q  . const.,  by  increasing  A,  and  by  increasing  o/q  somewhat 
loss , obtain  a gun  with  th  ^iven_bore_volume  a i_wH a a minimum 

chamber  volume  (point  n">,  since,  at  the  point  n».  the  angle  of 
slope  of  the  straight  line  On"  will  be  minimal  (On”  is  tangent  to 
the  curve  WJ^/q  - const.).  In  this  connection,  A^„  mill  be  some- 

what  greater  than  An- 

in  this  case  (In  comparison  with  the  point  N) , A„  will  increase 
because  of  the  diminution  of  the  chamber  volume,  and  B will 

increase,  and  the  value  of  ^ will  increase  somewhat  (but  less  than 

in  the  first  case). 
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3.  While  maintaining  the  weight  of  the  charge  constant  at 
it  is  possible  to  proceed  along  the  horizontal  to  the  right  fro.  the 
point  N,  thus  increasing  A » moving  away  from  the  center  *0,  and 
thereby  increasing  •„  and  reducing  the  chamber  volume,  which  in- 
creases Ad  and  raises  the  accuracy  life. 

In  this  connection,  B and  also  Increase. 

At  the  maximum  practically  permissible  loading  density  A-  An- 
(point  n1),  there  will  be  obtained  a gun  with, the  minimum  chamber 

volume  at  the  given  weight  of  the  charge. 

For  each  of  these  three  cases,  the  most  advantageous  loading 
density  will  exceed  AH,  and,  generally  speaking,  it  will  depend  not 
only  upon  p«,  but  also  upon  AD-  At  the  same  time,  the  parameter  B 

will  also  exceed  Bjj  1.91-1.95. 

All  loading  densities  and  all  charge  weights  corresponding  to 
the  three  cases  discussed  above  will  be  located  very  close  to  the 
line  E-E,  which  characterizes  the  combinations  of  A and  q capable 
of  satisfying  economical  loading  conditions. 

For  this  reason,  by  choosing  in  the  above-presented  table  of 
Ae  for  a predetermined  pn  increasing  magnitudes  of  AD  and  the 
corresponding ae,  it  is  possible  to  obtain  all  three  cases  just  dis- 
cussed by  a shorter  route,  without  resorting  to  the  preliminary 
transition  to  the  point  H at  the  same  loading  density  ah- 

All  these  computations  are  performed  in  the  subsequent  columns 
of  the  same  form  for  ballistic  design,  using  the  GAO  Tables,  Part  IV 
(TBR),  1943,  With  a certain  change  in  the  order  of  operations. 
p«  Particular  Design  Cases. 

I.  Given  d,  q,  vn,  and  the  chamber  volume  is  assigned. 
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tins  C Table  21  on  p.  834  Is  used  to  choose 
!.  After  computing  t ^ Bethods  Indicated  above  is 

and  X;  A„  i-  *OU“d'  and  °M volume  (point  «o>  ! 


Pn  and  X;  A„  i-  ^il  the  minimum  bore  volume  (point  *0>  ’ 

used  to  compute  the  gun  the  {optimum)  charge 

there  is  obtained  a definite  value  *0„ 

ther*  * ««  filled  in). 

# thp  fora  is  x 1 1 A 

(the  first  column  o _ A the  weight  of  the  charge  is 

2.  Since,  at  A - const.  - changed  in  such  a manner 

i to  the  chamber  volume, 

proportional  chamber  volume 


r,  ~ — v 


oj  1 

q 


CJ 


0 


w ’ 

o 


q W 


OH 


„ -f  thc  assigned  variant  is 

whereupon  the  ^ 8econd  column  of  the  form  is 

carried  through  to  th 

filled  in.  of  A ' and  ’’i;,,  11  iS 

.f  the  resulting  values  ol/\„  <K 

On  the  basis  of  the  this  variant, 

. --  “ “ - % «*•  «* 

A.  or  of  Table  18  and  lhc  computation  of  the 

and  A,  -in  - Cl°8e  tC  There  -ill  he  obtained 


*■'  „ Pach  otner;> 

and  A,  wi»  «-  Cl°8e  t0  Therc  -ill  he  obtained  a 

,.„t  is  performed  at  this  A- 
second  var  he  flrst  variant. 

gun  having  * mhort-r  ^ ^ 80.c  reasons  unsatisfactory,  the 

„ „„  b.rr.1  >*  ol  *U  «»• 

p.  — - 

,1U  ....  •>«»  *«  — 

chamber  volume  wQ, 
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Given  d,  Q.  v„,  and 

^KH/d  -(,KH  + V'd  i±!SSlS22*- 

vf> 


Preliminarily,  on  the  basis  of  the  coefficient  - cq 


2g 


, — - . » oi  o and  X are  determined,  there  is 
with  the  aid  of  Table  21,  Pffi  and  x arc 

assigned  for  the  minimum-volume  gun: 


Cc 


100 


a - 3.0  + 0.04 


1U0 


(empirical  formula),  and  the  adjusted  bore  length  “ ;u 

the  total  bore  volume  * 
assigned  bore  length  • 


*D' 


w « sL*  and  W q are  found  for  the 
the  total  bore  volume  8Lkh'  KH 


lkh 


VDH  * 


1 


KH 


uH 


1 

x 


For  the  chosen  value  of  pm.  there  is  found  A„  - 


300 


5700 


.hereupon  the  minimum- volume  gun  and  Its  volume  *kh  are  computed. 

I , the  resulting  volume  exceeds  the  assigned  *•„,  then 

it  is  impossible  at  the  chosen  pressure  p„  to  obtain  a gun  of  the 
assigned  volume  and  length,  and  it  will  be  necessary  to  Increase 
the  pressure  pB  (by  200-300  kg/cm*)  and  again  compute  for  the  new 

pressure  its  own  minimum-volume  gun. 

In  increasing  the  pressure  for  the  computation  of  It  is 

possible  to  use  as  » guide  the  following  approximate  formula: 


"KH 


« const . 


„ ,hl.  — ».lu~  *“*  *’  ■"1Wr  l“" 

tll.  -1-.  It  ..  -I-  « *h‘ 
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of  variants  ensuring  the  attainment  of  a gun  of  the  assigned  length. 

For  this  purpose,  it  Is  simplest  of  all  to  bracket  the 
assigned  bore  length  by  choosing  for  the  pressure  p,  two  values 

and  A jj,  and  to  take  the  two  corresponding  values  A g and  from 


the  table  of  Ag. 


From  the  GAU  Table  IV  (or  from  the  ANI1  Tables),  on  the  basis 
of  the  assigned  A,  Pn,  and  A„,  v^.D  and  v^D  are  found. 


With  the  aid  of  the  formulas: 


TD 


- b 


(for  the  GAU  Tables,  where  <plab>  “ U and: 


q 2 

1.05  VTD  - b 


(for  the  AN I I Tables, 


where  tf  - 1.05),  *•>'  q and  W’  q are  deter- 


tab. 


rained;  there  are  found: 

w; 


o 

q 


J'  i 


q a'  q q a” 


followed  by: 


WKH  - w0<*i>  + 1):  • *0%  + 1)  : 


(IW  - 


* (LiH)"  - - 


mod  finally  by: 


STAT 
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^ D 

. „ ft  are  compared  with 

Following  this,  the  resulting  va  ue  KH 

t.  If  lhe  latter  is  comprised  between  U.os 

the  assigned  length.  interpolation, 

«—■ « — — - 7 — - 

- - — —“-t  ;r: — ..  .... 

„ ».*e-  „u,,  4,  ad  on  b. 

the  two  values  obtaine  , needed 

found  b,  extrapolation,  and  one  supplemental  variant 

for  a check.  assigned  bore 

4 m either  case  ensures  the  assiKu 

The  variant  obtained  in  either  c 

- n_th  at  the  minimum  chamber  volume. 

J J—  — - •*““  - 7n;“  , 

— - — r:  ... 

r r . - - - — - 

u./q  for  the  final  variant. 

Example*  To  design  an  85  - antiaircraft  gun  having  a r 

lengt^ut  SO  caliber.;  , - - - ^ ^ ^ * 

Ct  . 618  Wd.3;  X-  1.35;  P.  - 2800  Kg/c2  = A„  - 0.66.  « 

simplified  method: 

>h  - « 55  - 41-2  ‘ 104  "• 

The  computation  i.  conducted  with  the  aid  of  a 25  cm  or  50  cm 
slide  rule. 
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Two  variants  are  computed  in  parallel:  a minimum-volume  gun 
at  Ah  - 0.66,  and  a gun  at  the  same  A and  with  a charge  diminished 
by  means  of  the  following  formula: 


u>'  _ / 1 + 3 VD  \ . [ 1 f 3 900 \ _ 0<70  UH 

q q l 4 4 1500 j q l 4 4 1500 J q 

For  the  first  variant,  there  are  taken  for  C£  - 618  by  the 

simplified  method: 

- 85  tm  kg; 


"V"  85; 


Hi  - Vl:^u  - 41  - 0.485; 

q 2g  H 85 

1 1 

<P  - 1.03  + - - - 1.03  + - 0.485  - 1.192; 
3 q 3 


n -v  ATT  - . AIlS 

V q <?  y 1.19 


0.485  . 0.638; 
1.192 


D 900  W11. 

vtab. D n 0.638 


*7J  - 121; 

- 0.70  • 0.485  - 0.3395; 


<*>»  - 1.03  + ± 0.3395  - 1.143; 
3 


n*  - 0.545; 
900 


v * 


tab*D  0.545 


- 1652. 
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- 0.455; 

0.3395  • 9.2-3. 123 ; 

I*  - 3 ‘ 12~3  - 4.732  ; 

O 0.66 

• - jL*_732  - 8.02  dm; 


0.66 

4. 

732 

0 

. 59 

02 

• 5 

8.02 

Llbi  - 40.94; 


SI  - 58.75  + 1.75  - 60.5; 
d 


- 0.595; 


Pn  - 760  * 


Comparison  between  the  first  and  second  variants  shows  that 
the  minimum- volume  ^un  has  a very  large  chamber  volume  and  charge 
weight,  a small Ad,  and  a delayed  burning  of  the  powder  - 0.805), 

but  that  the  resulting  barrel  length  is  considerably  shorter  than 
that  assigned;  Pav-/  PB  - 0.77  is  very  high. 

In  the  second  variant,  the  chamber  volume  and  charge  are  30% 
smaller,  Ad  has  increased  to  5.5,  the  end  of  burning  of  the  powder 
occurs  early  (*^K  - 0.455),  but  the  barrel  length  has  increased  by 
7 calibers  (in  consequence  of  a strong  increase  in  the  length  of 
the  path  of  the  projectile  lD  and  of  a certain  decrease  in  the 
chamber  length)  and  has  come  close  to  that  required  (60.5  Instead 
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T 


of  60). 

p /p  - 0.595  is  considerably  lower  than  in  the  first  vari- 
ant. and,  in  conforsity  with  this,  the  muzzle  pressure  is  pb  - 760 
Instead  of  1440  in  the  first  variant,  i.e.,  is  smaller  by  a factor 
of  nearly  two. 

Now,  while  maintaining  the  chamber  volume  constant  (proceed- 
ing along  the  line  ON  in  Fig.  163),  A and  Wq  are  proportionally 
increased,  there  being  taken  to  reduce  the  number  of  variants: 


AE  - 


VD  . 0.66  + . Q ?15  aQd  . _E  . 


100  100  'H 

Taking  ae  - 0.71  and  - 0.72,  and  performing  the  computation 
as  in  the  first  two  variants,  there  are  obtained. 


N 

A 

CJ 

q 

- — T 

ad  "’’k 

1 

wo 

*D 

lkh 

lct 

“3” 

pav. 

Pm 

pD 

■nw 

3 

0.71 

0.365' 

2 . 216 j 

5.37  0.625 

4.732 

43.05 

49.0 

59.4 

0.615 

860 

113 

3* 

0.72 

0.370 

2.277 

5.33  jo. 675 

4.732 

42.74 

48.7 

59.0 

0.620 

870 

i 

j 111 • 5 

1 

The  data  for  the  two  variants  nearlv  cci-cide;  in  comparison 
with  the  second  variant,  the  leng-h  of  the  barrel  has  become  shortened 
by  1.0-1. 5 calibers,  the  muzzle  pressure  has  increased  by  100  kg/cm2, 
the  end  of  burning  has  shifted  toward  the  muzzle  face,  and  the  value 
of  is  good,  being  about  0.65. 

Both  these  variant*  say  be  considered  as  being  ballistically 
acceptable  and  as  satisfying  the  isposed  requirement  to  obtain  a 
barrel  length  equivalent  to  about  60  calibers. 

For  the  chosen  variant  (Ho.  3),  the  thickness  of  the  powder 

is  cospu ted  as  follows: 


STAT 
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0.815 


- \f\ 2T2I6  * 1.152  * 0.365  - 0.964; 

_ 1810  * 0.964  - 1745;  IK  - 1745  • 0.85  - 1483; 
d 

2°lstriP  ’ 2ul  • *K  “ 2-0. 0575- 1483  - U.0222  d.  - 2.22  ... 

From  the  table  correlating  Uj  with  the  thickness  of  pyroxylin 
powder,  a powder  thickness  of  about  2 u is  associated  with  - 
- 0.0000073. 

Upon  introducing  the  correction,  there  is  obtained. 

2eistriP  " 2'22  H “ 2'16  tyPe  ” 

For  a powder  with  seven  channels: 


15 


2e, 


°-7-2elstrip  " °-7‘2-16  " l'51  type  7 


Ballistic  computation  with  the  aid  of  the  above  procedure  has 
required  the  computation  of  four  variants. 

Instead  of  first  proceeding  from  the  point  downward  to  the 
point  H while  reducing  c/d  and  WQ  by  30%  at  the  same  AH,  and  then 
ascending  upward  and  to  the  right  along  the  line  OK  while  maintain- 
ing - const,  and  increasing  A and  v»/q,  it  ia  possible,  immediately 
following  the  computation  of  the  data  for  the  minimum-volume  gun, 
to  change  over  to  the  economic  loading  densities  Ag,  taking  them 
from  the  table  of  A-  and  selecting  Ap  tor  them. 


^ n «.  2800  at  Ah  * 

«.  ..«•  ,or  • Br*””bA  \ ...»  »-  «■” 

*•  '“m0— “•>»  *■ »“  *”"“t 

The  course  of  the 

lrom  that  presehted  above. 

values  are  assigned. 

The  followin8 

p - 2800  and 

vm 

A 0 . 72  , Aq 
A . 0.73,  Ad  - 6-°- 

Part  IV  (TBR),  the  folloaihg  values 
Kro.  the  GAO  Tables,  Part 

are  found:  - — . 

r- r 1 7 rX  T Tf  vtab.D 


Variants 


jJ 

Ap  | 

Uh 

ak 

0.72  ' 

1 5.0 

, 2.277  1 

1 3.596 

0.73 

1 6.0 

1 2.341 

1 3.86 

t \ "*K  vtab.P 

IgTToTnsT1565 

86  0.643  1625 


L— J 

lth  the  f ol losing  formula: 
„/,  is  found  in  accordance  with 


r vtab.D 
t vD 


' . the  first  computation 

are  found  as  in 

The  remaining  data  are  1 


Variants  1 ^ 


lct 

PD 

t 

P" — I 



57.8 

107.5  0.640  1 

1 950 

61.3 

117  0.584 

1 795 

I 
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in  variant  II',  the  resulting  barrel  length  is  smaller  than 
that  required  (57.8  d>;  in  III',  it  is  somewhat  greater  (61.3  d) . 
It  is  possible  to  interpolate  these  two  variants  to  their 

mean  and  to  obtain: 


0.725; 


« - 0.368; 

q 


^CT 


- 59.5; 


5.5; 


*0  - 4.67; 


112.3; 


- 0.68; 


tD  - 43-3; 


»v-  - 0.612 ; 


B - 2.309; 

lkh  - 49-15: 
PD  - 


The  results  of  this  computation  coincide  almost  completely 
with  the  results  of  Computation  No.  3',  in  which  a different  route 
was  adopted,  but  almost  the  same  point  of  the  directive  diagram 
was  reached.  The  computation  fully  satisfies  both  the  ballistic 
criteria  requirement  for  a definite  barrel 

length.  The  type  of  powder  is  obviously  the  same  as  in  the  pre- 
ceding  case. 

The  entire  computation  has  been  performed  in  three  variants. 

Ail  computations  are  performed  and  recorded  in  a for-  for 
the  ballistic  computation  of  the  barrel,  which  contains  a series 
of  columns  and  headings  for  the  operations  and  quantities. 

For  the  finally  selected  variant,  the  GAO  Tables  (Parts  I,  II, 
and  III)  are  used  to  solve  the  direct  problem;  l.e.,  the  values  of 
p,  v.  and  t are  found  as  function-  of  A or  f,  and  these  data  are 
used  to  construct  p v-l,  p-t.  and  v-t  curves  for  utilization  in 
computing  and  designing  the  barrel,  gun  mount,  tubes,  and  fuzes. 
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r 


4 - SUPPLEMESTARYJHFORMA™ 

- — — »«■  boke  DES1GN 
l*  INFLUENCE  ^ LOADING  CONDITIONS. 

„ t ln  . given  C«n.  in  the  presence  of  the  same 
It  is  known  that,  is  k tD 

....... ... ...  V l“  ““  » p4‘  ' 

.. ... .... ....  * - ...  “• 


« V V — 

t the  ootder  decreases,  since: 
thickness  of  the  powae  ^ 


» — «*•  “*  **”  "**  l ’ 


th.  attainment  of  the  predetermined  velocity  v,,.  can 
.hiCh  ensure.  nt  ^ ^ ^ of  tbe  projectile  ^ >> 

be  obtained  with  a . or  „intalning  the  cha.ber  volume 

increasing  the  pressure  P.  *hile 

a w*  the  charge  unchanged. 

and  weight  of  the  a lven  chamber 

Consequently,  increase  in  pressu  Qf 

i « and  a given  weight  of  the  charge  must  reduce 

, ...  ...  ......  •>  «“  ' 

path  of  the  proje  D the  following 

Together  with  an  increase  in  the  pressure  P.. 

loading  densities  grow  correspondingly: 

_ H.%,»nlnK  of  the  charge, 

A,  for  the  instantaneous  burning  o 

A _ the  most  advantageous  loading  density; 

® 4 _.i  loading  density; 

A - the  economical  loaax  a 

*:  - - — • - “•  -r  irrrr.; ...  * .. 

«. .......  “•  ' “ ,IU  °.„. ... .... 

CO.  const,  at  a predetermined  vQ,  and  at  P,  * 
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fig.  I64 


Fig.  164.  Dependence  ol  *0  ^ ^ ^ 

1)  A“  increase  iU  thC  Pre87tCy;-  * transition  fro.  the  point 
.gained  constant  tbe  bore  to  a i~~  ~ 

c'  to  the  point  b ) re  u ltaneously  in  conformity  -itb 

- “ - v ~ - — ••  - - 

the  increase  in  P 

b">‘  „ t„.  tact  that  the  increased  A”  Is  the  most 

Tbls  is  explained  by  eo>uring  a bore  of  -ini- 

advantageous  for  the  nee  pressur  P ^ ionjter  thc  .ost 

the  previous 

length;  on  the  other  . th.  iength  of  the  bore  is 

advantageous  for  the  new  pressur  . 

greater.  fr0.  the  total  decrease  in 

« - - — re  incr ~ 
the  length  of  the  bore,  the  qu.»tlty A0 

relative  cha-ber  volu-e  increases.  decrea.eB  considerably  at 

3)  The  characteristic  ^ " J in  confor.lt,  eith 

const  a.  P.  1«  bUt* 


a - « is  varied,  »«*■» 

A - const  a.  P.  undergoes  al.ost  no  change, 

th.  increased  pressure  P.-  -7* 
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4>  The  product  p..WKH>H  is  close  to  being  a constant. 
Consequently.  It  -ay  be  considered  that,  as  PB  increases  in 
the  presence  of  the  sa.e  weight  of  the  charge  w.  the  voluee  and 
length  of  the  bore  are  Inversely  proportional  to  the  pressure  PB- 
This  formula  can  be  utilised  for  exploratory  co.putations  in 

ballistic  design: 


W"  - " 


In  this  connection: 


'KH^r  or  W 


..A 

•o  * l0  A"' 


If  in  cosputing  the  sini.u.-volu.e  gun.  its  length  is  obtained 
greater’ than  the  predeter.ined  length,  an  increase  in  pressure  con- 
stitute. the  only  -e.ns  available  to  satisfy  the  i.posed  condition. 

2 effect  of  different  powders  on  the  loading  conditions 
2*  Ind  gun  design  data  based  on  ballistics. 

Besides  pyroxylin  poeders.  use  is  also  made  of  -ore  powerful 
ni troglycerol  powders,  which  contain  20-40%  of  nitroglycerol . By 
having  a higher  burning  te.perature,  these  powders  considerably 
shorten  the  accuracy  life  of  the  barrel.  The  search  for  -eans  to 

_ life  of  guns  has  also  led  to  the  use  of  so- 

increase  the  accuracy  lixe  ox  gun» 

u a lover  burning  temperature  and 

called  "cold"  powders,  which  hare  a lower  our  a 

. s sailer  propellant  force;  these  include,  for  exa.ple,  nitro- 
guanidine  powdera. 

Since  our  table,  are  set  up  for  definite  powder  characteristics, 
which  correspond  to  pyroxylin  powders,  there  arise,  the  question  of 
how  . war 1st Ion  In  the  nature  of  the  powder  will  be  reflected  in  the 
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I 


design  data  of  the  gun  and  in  the  loading  conditions  at  given  value, 
ot  d,  q,  vD,  and  p^,  a situation  encountered  in  ballistic  design. 

Thl  nature  of".  powder  is  characterized  by  the  following  fac- 
tors: f - the  propellant  force  of  the  powder;  a - the  covolu.e  of 

the  powder  gases;  ux  - the  rate  of  burning  of  the  powder  at  p - 

- 1 kg/c.2;  the  adiabatic  index  k - 1 - •,  »hich  depends  upon  the 
con position  of  the  gases  and  upon  their  te.perature  in  the  bore. 

It  is  known  fro-  courses  in  interior  ballistics  and  fron  the 
study  of  powders  that,  for  pyroxylin  powders,  f - 85-95  tn/kg,  a - 

- about  1 d-3/kg,  and  • - 0.20;  for  nl troglycerol  powders,  f and 

increase,  and  the  covolu-e  a and  the  index  • decrease,  as  the 
nitroglycerol  content  increases;  in  nitroguanidine  powders,  on  the 
contrary,  f and  u,  decrease,  and  the  quantities  a and  « increase. 

In  this  connection,  although  the  rate  of  burning  ux  changes 
with  variation,  in  the  nature  of  the  powder,  it  enters  into  the 
funds— ental  equations  and  relation-  not  as  a separate  entity,  but 
a.  a co-ponent  of  the  pressure  i.pul.e  1^.  which  depend,  both  upon 
Ul  and  upon  the  thickness  of  the  powder  2ex  ( I*  - ^>-  For  thiE 
reason,  in  the  subsequent  discussion,  the  quantity  ux  -ill  not  be 
considered  separately,  but  the  1-pulse  -ill  be  included  a-ong  the 
characteristics  of  the  loading  conditions  which  are  deter.lned  in 
ballistic  computation*. 

Since,  in  ballistic  design,  the  variant  which  serves  as  the 
point  of  departure  1.  the  -ini-u--volu-e  gun  (the  center  of  the 
directive  diagra.),  it  is  convenient  in  investigating  the  influence 
of  variations  in  the  nature  of  the  powder  to  co-pare  the  design  data 
and  loading  conditions  for  -ini-u--volu-e  guns  at  predeter-ined  vD 
and  pm. 
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of  such  invest!- 
_ of  the  results  oi 

There  are  presented  below  ^ ^ ^ Krlnitshli. 

gat  ions  conducted  b,  ’ 

T-  cowputatlons  -re  stores. 

rtic.  correspond  to  powders  of  — , 


1 \ 

1 

a 

\ wo‘  1 

Powder  1 

JL\ 

1 i 

1 1 1 

Hltroguanldine 1 

86.5  1 

1 2 1 

Pyroxylin  | 

95 

1 

1 

1 3 

[ hediu»-Pcwe*’ 

nitroglyccrol 

\ 105  ! 

1 4 

ttigb-power 

1 ttitroglycerol 

1 115  ^ 

1.00 

0.905 


0.220 

0.200 


110.5 

121 


Subsequently,  eacb  P°W  reference  unit  - X0O%. 

....  - «-«“•  - .... 

- — — rr*  ■"  - 

„S>. 

.*•*  % • “■  • 

In  the  nummikty  table  given  as  percentages  lor 

ter  titles  ot  — — 
powders  of  eaxiou.  natures. 
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— — 1 \ ' 

wop®^*^Bperature  1X  \ 

\ v v,-r  volu»e  *o  ratio  A0 

\cha»ber  e*P*nsi°  .tl,  tn  • 

\Bore  ,0lu-e  rolog  (k 

\ ®t-  end  01 

\ a.ure  l.P'*18”  \* 

W,,M‘  - V *0 

Uk-ak/ao 

\»»w 

fesvtsis.  ',- 

"■ 


\ 91  \ 

B3  \ 

\ 

\ 

\ y7 
\ lU-2 
110.7 
114  . ^ 
9l.« 
104.7 
107 
96  . 5 
100.6 
\ 94.6 


100 
100 
100 
100 
100 
100 
100 
100 
\ 100 
\ 100 

\ *\  ilO 


100 
\ 100 
\ 100 
\ 100 
\ 100 
\ 100 


lhe  data  pre»«»ted  l“ 

“,rr=— --  *” 

r • add 

and  *'>m  .i*ici«ocT  0 
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-V«r„ely  Proper tioaaiiy  to  lb 

5 - «)•  ^ P— 1-  '~c.  of  the  ^ 

c*  " T;;  coe“—  - ««*««..  0,  tbe 

(w  varies  directly  nr-  unit  of 

“•  — — «•  •-  — ... 

4J  The  volumetric  exm* 

*•  **•  •“*-  •— 

(line  8;.  the  Powder  (lc 

* So*e*ha  t lesser 

5J  The  chaaber  volume  var 
P*-opelian[  x ln  the  opposite 

° ^ *“  - ° ‘° 

Kf^ater  degree  < 


6;  Th*  or  path  of 

«™.tlo.  te  the  ;;;  — — ;D variei 
*"  dine  81.  “*  *h.  powder,  but 

?>  Th*  total  volu^  of  the  ho 

*M  10  8°*eWhat  Ere*ter  degree  th.  ^ V‘rl*S  “ ^ °PP°8“e  < 

— «t  force  of  the  po.der  f ^ ^ ^ — . 

8)  Th„  <Uoe  10). 

IP*  Path  n*  th 

*'  *nd  burning  , 

dines  u and  ^T£ii££iijLi£5£^ 

rr  propen*nt  f°rce  Bro*  7r  thickne“  °f  *»«* 

1'  *ince  e _ f ln  c°nfor«ity  wlth 

1 B U1  • lth  th*  lncrei 


* *.  1 * 1QC 

1 The  characteristic  of  th 

- K/  'D  wari..  inwers.1,  °‘  *— • 

:::z~y  «*-  «.  - - 

■w**le  pressure  i„0- 

« 
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I 5 and  6). 

H 

| 3)  The  coefficient  of  utilization  of  the  unit  weight  of  the 

charge  varies  directly  proportionally  to  the  propellant  force  of 
the  powder  (line  15). 

4)  The  volumetric  expansion  ratio  varies  almost  proportion- 

ally to  the  propellant  force  of  the  powder  (in  somewhat  lesser  degree) 
(line  8). 

5)  The  chamber  volume  varies  in  the  opposite  direction  to  the 
propellant  force  of  the  powder,  but  in  somewhat  greater  degree  (line 
7). 

6)  The  length  of  path  of  the  projectile  also  varies  in  the 

opposite  direction  to  the  propellant  force  of  the  powder,  but  in 


lesser  degree  (line  9). 

7)  The  total  volume  of  the  bore  varies  in  the  opposite  direction 
and  in  somewhat  greater  degree  than  t^i  but  in  lesser  degree  than  the 
propellant  force  of  the  powder  (line  10). 

o)  The  nath  of  the  projectile  at  the  end  of  burning  and  the 

full  pressure  impulse  are  practically  independent  of  the  nature  of 
the  powder  (lines  11  and  12),  but  the  thickness  of  powders  with  a 
greater  propellant  force  will  grow  in  conformity  with  the  Increase  in 


u1#  since  e ^ - I^-u^ 


9)  The  characteristic  of  the  end  of  burning  of  the  powder  - 

* fK/  lD  varies  inversely  proportionally  to  the  variation  in  tD,  since 
l|  is  approximately  constant  (line  13). 

10)  The  muzzle  pressure  increases  somewhat  more  slowly  than  the 
propellant  force  of  the  powder  (line  14). 


863 


STAT 


j 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


11)  The  nuzzle  gas  temperature  increases  very  sharply  with  an 
increase  in  the  propellant  force  of  the  powder  (line  17). 

12)  The  average  pressure  increases  very  slowly  with  increasing 
propellant  force  of  the  powder  (being  nearly  proportional  to  the 
loading  density  Ay)  (line  18). 

13)  The  characteristic  of  the  accuracy  life  of  the  bore  varies 
extremely  sharply  (line  19);  the  change  from  pyroxylin  powder  to  No. 

4 ni troglycerol  powder  is  accompanied  by  an  eightfold  drop  in  NycJ|, 
in  spite  of  the  more  advantageous  design  data  and  loading  conditions; 
the  change  to  ni troguanidine  powders  is  accompanied  by  a greater  than 
twofold  rise  in  NyCJ|  * 

All  these  conclusions  present  a perfectly  clear  picture  of  the 
variation  in  the  fundamental  design  data,  energy  characteristics,  and 
loading  conditions  for  the  minimum-volume  gun  accompanying  a variation 
in  the  nature  of  the  powder. 

As  has  already  been  shown  in  the  theoretical  fundamentals  of 
ballistic  design,  the  minimum-volume  gun  can  be  recommended  for 
practical  realization  only  at  very  high  projectile  velocities  (1500 
m/ sec) . 

At  lower  projectile  velocities,  a departure  from  the  minimum- 
volume  gun  in  the  direction  of  a smaller  charge  and  chamber  volume 
(on  the  directive  diagram,  downward  and  to  the  right  from  the  point 
Mq)  Is  indicated. 

There  arises  the  question  whether  such  a departure  will  not 
alter  the  relations  established  In  Table  22,  and  whether  the  relative 
character  of  the  resulting  relations  will  be  maintained  for  such  guns 
possessing  other  than  a minimum  volume. 
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ted  in  the  sane  chapter  shoes  that  the 

Tho  investigation  presen  .ith  -«aiX  change. 

rei.tions  indicated  in  Tahie  * ^ ^ ^ ^ variant. 

even  it  the  .iai.u.-voXu.e^  ^ ^ dlffers  tro.  that  assuned  i» 
Thus,  it  *he  “ture  once  a gun  bas  been  designed  in  ac- 

the  GAU  Tables,  ‘t  U ^1|W<ftei  changes  into  the  results  ot 
cordance  with  these  a , ^ Table  22  in  the  present 

the  citation  by  ~ « ^ by  tbe  use  of  anaX.ticai 

— ■ - « - ~~  - 
formulas,  of  the 

the  average  la,1  ,Kn  tTs  DESIGN  ELEMENTS 

3-  5JSBV-- « “™ 

AT  PREDETERMINED  PH  PRESSURE  P„- 

..  .«  «... ...  -««  - - “ 

.. °%[‘°2ZZ  .< ...  *■ 

For  this  reason,  .1  nB  at  predeter.ined  vQ  and 

the  design  eX.-ents  and  loading  con  ^ ^ the  .eight  of  the 

p t it  is  also  desirable  o know 

barrel  Oct*  can  bc  obtained  both  fro.  a 

One  and  the  sane  v0  at  - (.ini.un-volu.e  gun)  ** 

. ,lth  a relatively  large  cha.ber 
short  barrel  ^x  ,xth  a snail  chanber  C AD 

Aq  - about  3 and  fro.  « ^ prcB8urei  .hicb  de- 

- about  10).  Xn  this  connect i . ^ ^ face,  will  ^ the 

te mines  the  barrel-wall ^ preB8ure  CP^P.  - ^ 

first  case  ^-X  _ about  0.lS_o.20  Cfig-  X65). 

0.5),  while  in  the  second  case  P{/  . 
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Fig.  165  - Pressure  Curves  in  Guns  with  Various  A ^ at 
Predetermined  vD  and  Pm- 

In  the  first  case,  .e  have  a long  cylindrical  part  and  a short 
conical  part  with  thick  -alls  at  the  -uzzle  face;  in  the  second  case, 
,e  have  a considerably  shorter  cylindrical  part  with  a long  cone  and 

a thin  wall  at  the  muzzle  face. 

It  is  necessary  to  clarify  in  an  exploratory  .anner  bo.  the 
.eight  of  the  barrel  .ill  vary  .ith  variations  in  the  characteristic 

^ D' 

A longitudinal  section  through  the  barrel  is  represented 
schematically  in  166 • 


Fig.  166  - Scheme  of  Longitudinal  Section  of  Barrel. 
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The  gun  has  the  following  characteristics: 

Outer  diameter  of  cylindrical  breech  D. 

Outer  diameter  of  muzzle  end  of  barrel  . 

Caliber  of  gun  d. 

Average  chamber  diameter  dKfc|. 

Length  of  breech  ring  tRA3 
Chamber  length  * VX‘ 

p.U,  ol  pro J'-C  1 1 If  PI  «<  “““■ 

P«*  Kr  »«—»*•  *»*“  «'  ”1“’" 


pressure  toward  muzzle  face 


I 


abou  t U . 6 l 


l 


lu  - l-2lo- 


Length  of  conical  part  of  barrel  I’  • 

r - tD  - ♦ l>) 

If  tbe  density  of  steel  is  destgnated  as  («'  - ^ >* 

the  -eight  of  the  barrel  will  be  expressed  by  the  following  formula. 


^CT  - 5’  + 


l. 


!’ ) 


I1(D2 

3 -1 


+ Dd0  + d^)  l 


? d2Ct0  + 


^D)  ] ' 


.here  the  first  ter.  in  parentheses  is  the  volume  of  the  solid 
cylindrical  part  of  diameter  D.  the  second  Is  the  volume  of  the 
truncated  cone  of  diameters  D and  d,  and  length  f.  «-  -e  third 

is  the  volume  of  the  entire  bore. 

»e  separate  fro-  the  above  expression  the  -eight  of  the  breech 

ring  0^3  - (^)D*tKA36\  — . by  designating  A - D/d  and  a - 
- d_/d,  taking  <0  o«t  of  the  parentheses,  and  dividing  both  » e. 
of  the  equation  by  d3  in  order  to  represent  the  weight  of  the 
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barrel  In  relative  units,  we  obtain: 


Oct  _ ^ka3  + £ * i°  |(i  + i 

d3  d3  * d [\>- 


2 1 2 

K*  + _(  A + Aa2  + 
3 


a2)tAD 


1)  - (.1  + An) 


After  dividing  this  by  cq  - q,  d3,  we  have: 


Sc  A3  + s- 

q <i 


a2  i 1 * 2 


A2(Ad  - 1)  - ^ 


The  quantity  A - jj  is  « function  of  the  *axi*u»  pressure  P„; 

the  quantity  «2  - ^ is  a function  of  the  nuzzle  pressure  p„( 

which  is  itself  a function  of  pb  and  AD;  the  values  of  PD,  p., 

a /A  and  A are  tabulated  below  as  functions  of  PB  and 
2 * 

D , 

Table  of  Values  for  A - — " 1 '‘P*' 


p. 

180U 

2200 

2600 

3000 

3600  ] 

_A 

1.68 

o 

o 

(4 

2.56 

i 3.79 

5.10  | 

Table  of  Values  for  £lJ  - fCpB,  AD) 

P» 

Under  Economical  Loading  Condltioi 

IVdI  3 I 4 ! • I 8 1( 


a2  ^2 

Table  of  Values  for  — - — 

- f(p».  ad) 


* 


• 

8 

0.323 
0.305 
0.390 
0.271 
i 0.250 

0.244 

0.237 

0.220 

0.207 

0.189 

\<p 
p-  \ 

3 

— n e 

8 

10 

1800 

0.744 

0.738  0.696 

0.667 

0.660 

2200 

0.690 

0.650  0.600 

0.570 

2600 

0.563 

0.539  0.477 

0.465 

3000 

0.396 

0.368  0.328 

0.312 

0.301 

3600 

0.314 

0.285  0.249 

0.236 

0.228 
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2 1. ...  ~ -*•» »’ 

••  b E K barman,  the  mechanical-strength  safety  factor  us 

blocks"  by  t.K.  Lar»a  to  be  ® - 6000  kg/cm2, 

being  1.33,  an*  the  elastic  ll.it  being  assumed  to  *e 


Consequently: 


__  p . kg/CB2- 

e * 6000  4500 


1.33 


. , 5d  it  follows  that: 

Since  the  length  of  the  breech  ring  IRA3 


a - 1L  D2  • 1 • 5dS 

WKA3  4 


QKA3  _ ? 85  TLa^  1.5- 


; 10A^ 


In  Formula  C127>,  ‘ 

in  terms  of  the  ballistic  characteristics  of  the  bore  V A°’ 

1 a a nd  a /\  which  also  depend  upon  the 

V and  of  the  quantities  A an  2;  * 

X a .nd  o . 'me  formula  i*  useful  for 

ballistic  characteristics  Pm»  d*  D 

exploratory  computations.  fo„ula  ha,e  shown 

Computations  performed  with  tea  lunc- 

. _ the  weight  of  the  barrel  as  a func 
that,  at  predetermined  vD  an  P..  g 

tion  of  AD  varies  along  a curve  possessing  a minimum  A, 

*<  — - — — * “ **““ 

, Ht  barrel  it  is  necessary  to  take  AD«5-6- 
a miniBum-weight  barrel. 
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Fig.  167  - Weight  of  Barrel  as  a Function  of AD  at 
Predetermined  vD  and  pm- 

4.  APPLICATION  OF  VARIOUS  BALLISTIC  TABLLS. 

Ballistic  computations  may  be  carried  out  with  the  aid  of  any 
desired  available  tables,  including  the  tables  of  Professor  Drozdov 
for  strip-type  po.der  (X  - 1.06)  with  "normal"  constants,  the  1933 
AHII  Tables  with  the  same  constants,  the  1943  GAU  Tables  with  mome- 
nt codified  constant,  (a  - 1.  ■F  - 1> ' 1933  tableS  °*  th<5 

of  interior  Ballistics  for  powders  with  a constant  burning  area  (X  - 
_ X-  0)  and  for  an,  desired  values  of  f and  <f> , and  the  tables 
of  M.S.  Gorokhov  rnj  tor  X - 1.06  and  for  X-  1.00  with  the  re- 
raining  constants  •'normal.” 

Maximum  convenience  for  ballistic  computations  attaches  to  the 
GAO  Tables,  Part  IV  (TBB),  and  to  the  tables  of  M.S.  Gorokhov. 

Prior  to  the  start  of  the  computation,  it  i.  necessary  to  select 
for  an,  table  a coefficient  of  agreement  between  the  computations  and 
experiments,  for  which  purpose  it  is.  in  turn,  nece.sar,  to  process 
the  result,  of  firing  test.  fro.  artillery  systems  already  accepted 
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for  armament  and  approaching  la  type  the  system  *lBg 

computations  for  ten  of  our  systems  firing  eith  sma 

/ — oi  7 that  good  agreement  with  ex 
charges  Wq  < 0-20)  have  shown  H »1J 

..  - ».  - •“  - **;■“*' 


peri*eni*i  - — ■'m  , , . 

.« f “ i-».  *»“*“•  ° 

^ , rv  the  mi 


18  ODtamea  x . 

. n-  .—->1.05  at  a predetermined  pressure  p^.  the  ini 
make  <p  - l.w  + 3 q 

velocities  obtained  fall  short  of  the  experimental  velocities  by 
approximately  3%. 

in  spite  of  the  fact  that  the  AMI  Tables  are 
Consequently,  in  spit 

- 1.06),  whereas  the  systems  ac- 

compiled  for  strip-type  powder  (* 

ent  fire  either  with  tubular  powders  (It  - D or  W1 
cepted  for  armament  fire  ?)  both  of  which  burn 

powders  possessing  seven  perforations  ’ 

P V trio  tvoe  powder,  nevertheless  the  adoption 

more  progressively  than  strip-type  po.a 

. - 1 05  for  4>  - a value  smaller  than  the 

atw/q  < 0.20  of  the  value  1.05  for  <f 

...... .....  - — — - - “•  — 

..  atrip-....  — •»“ 

....  ....  r.o-  » r-.ul  ta  .<  firing  ..... 

tubular  or  strip-type  powders. 

. . _ 4 a w t Hp  aid  Oi  t DC  All  1 i 

dote:  If.  m conducting  computations  with  the 

c 0 20  <f  1«  taken  in  accordance  with  the 
Tables  at  the  same  <-VQ  < 0*2°'  “ 1 


1 *£  where  a - 1.03-1.06  depending  upon 
theoretical  formula  ^ * a + 3 q' 

. a 


ineore  tioa*  — » j q 

, (according  to  Slukhot.kil) . but  vD  is  determined  by 

the  type  of  gun  (according 

/u*  1.05 

means  of  the  formula  vD  - Ttab.\/  q ' 


then,  if  the  computed 


lor  0.1.011.  >»•  •rP.rla.o.ll  *" 

, «».  .■»!.■  - 101  ““ 

*m 

experimental  PB- 
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T 


The  application  of  a correction  to  should  be  adopted  at  high 
values  of  ~/q  > 0.20.  -ben  - 1.05  -ill  differ  too  such  from  <f- 
a + i « Nevertheless,  the  above-mentioned  lack  of  consistency  in 
the  character  of  burning  of  po-ders,  -hicb  requires  some  compensation 
by  the  reduction  of  <f  , -ill  manifest  itself  at  large  u,/q  as  -ell, 
and  this  -ill  make  it  necessary  to  reduce  the  coefficient  b - 1/3. 

For  example,  some  designers  take  the  formula  <f>  - 1-05(1  + " ~t.  *hich« 

*3  1 CJ 

at  large  u>/q,  gives  a smaller  value  than  <f  - 1-03  - - -- 

AS  for  the  quantity  . it  exerts  a rather  considerable  effect 
upon  the  computed  design  data  of  the  bore  (as  f decreases,  the  length 
of  path  and  the  length  of  the  bore  also  decrease). 

Comparison  among  the  tables  of  Professor  Drozdov,  the  tables  of 
Gorokhov,  the  ANII  Tables,  and  the  GAU  Tables  indicates  that,  at 
predetermined  A and  p.,  different  values  are  obtained  for  B and  A*, 
as  follows: 


< B 


< B 


< B 


Drozdov 

AK 

Drozdow 


AN  1 1 
< AK 
Gorokhov 


Gorokhov  GAU 

<ak  <a* 


GAU  ANII 

and  this,  at  a predetermined  v„  and  at  identical y or  b.  leads  to 
different  values  for  the  length  of  path  tD  and  the  length  of  the 
bore  Lkh,  the  difference  increasing  -ith  increasing  vD;  the  smallest 
value,  for  lD  and  are  obtained  in  -orking  -ith  the  tables  of 

Professor  Droxdov,  and  the  largest  -ith  the  ANII  tables,  the  difference 
being  small  (about  2%)  for  vD  - 1000  Vsec  and  a.  large  as  7-8%  for 

vD  - 1500  s/sec . 
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At  identical  A and  B,  the  GAU  Tables  give  higher  values  for 

p than  the  tables  of  Professor  Drozdov,  the  difference  increasing 

,7th  the  increase  in  A.  Thus,  for  A - 0.50,  at  identical  B,  - 

_ o - about  2%;  for  A - 0.60  the  difference  is  2. 5-3.0%;  for  A- 
*“Dr 

- 0.70  it  is  4-5%;  and  for  A-  0.80  it  is  5-6%.  Such  a discrepancy 
cannot  be  explained  by  the  fact  that  the  covolume  in  the  GAU  Tables 
is  a - 1 instead  of  0.98  as  in  the  tables  of  Professor  Drozdov. 

In  the  AN  1 1 tables  the  pressures  approach  the  values  given 

by  Drozdov;  in  Gorokhov's  tables  these  values  are  1-2%  smaller  than 
the  p values  given  in  the  GAU  tables. 

From  the  tables  of  Gorokhov  compiled  for  different  X (1.06  and 
1.00),  it  is  possible  to  draw  the  conclusion  that,  as  x varies  from 
1.06  to  1.00  at  predetermined  A and  B,  the  pressure  pa  decreases  by 
4-6%,  the  change  in  pB  being  the  greater  the  larger  B and  A • 

In  any  case,  tables  compiled  even  on  the  basis  of  a mathemati- 
cally exact  method,  for  constants  of  definite  values,  cannot  in  all 
cases  give  complete  agreement  with  experimental  data,  since  the 
theoretical  solution  does  not  take  into  account  ail  details  of  the 
phenomenon  of  the  shot,  and  every  mathematically  exact  method  based 
on  definite  assumptions  is  merely  an  approximation  with  respect  to 
the  actual  phenomenon,  which  is  much  more  complex  than  the  scheme 
adopted  in  the  assumptions. 

It  is  for  this  reason  that,  for  every  method  of  solution  and 
for  every  table,  it  is  necessary  to  select  its  own  coefficient  of 
agreement,  which  will  give  the  best  coincidence  with  experiment. 

In  using  one  of  the  tables  enumerated  above  for  a ballistic  compu- 
tation, it  is  necessary,  on  the  basis  of  experimental  data  for 


r~ 


-related"  guns  under  firing  conditions  close  to  those  provided  for 
by  the  design,  to  determine  the  coefficient  of  agreement  of  the 
given  table  with  experiment  and  to  utilize  this  coefficient  in  the 

design. 

m the  case  of  pyroxylin  powders,  agreement  with  experx.ent  xs 
attained  best  of  all  by  the  selection  of  the  coefficient  b xn  the 
formula  ^ • a + b — . 

It  has  already  been  indicated  above  that,  at  identical  and  b, 
for  predetermined  PB  and  vD  - 1500  m,  sec , the  AN11  Iables  give 

length  of  path  of  the  projectile  that  is  7-8%  greater  than  that 

obtained  with  the  fundamental  tables  of  Professor  Drozdov. 

Identical  values  of  lp  can  be  obtained  with  the  aid  of  either 
set  of  tables  by  selecting  different  values  for  the  coefficient  «f 

^ "’per  example,  if.  on  the  basis  of  the  tables  of  Professor  Drozdov, 
the  values  obtained  for  b are  1.3  in  one  case  and  1/5  in  another,  the 
corresponding  values  for  b obtained  from  the  AMI  Tables  -ill  be  1/4 
and  1/6,  respectively. 

This  circumstance  confirms  the  necessity  of  selecting  the  coef- 
ficient b for  the  purpose  of  ensuring  agreement  between  each  type  of 
tables  and  experiment;  it  also  Indicates  the  errors  in  the  procedure 
of  compiling  the  AHII  Tables  at  high  velocities. 

There  is  presented  below  a procedure  for  determining  T and  b 
on  the  basis  of  firing  tests  with  the  aid  of  various  tables. 
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5 DETERMINATION  OF  COEFFICIENT  b FROM  TABLES 

..quantity  a — 

assumed  to  1.03  Tot  blgb-po-er  guns.  — * 

moderate  peer.  1.03-1-06  - — ’ ^ ^ 

the  quantity  b is  sublet  to  -termination  on  the  basis  of 

results  of  firing  tests.  ^ 

i ♦ there  be  known 
For  a given  gun,  let  there 

*0’  8’  !D’  q’  00 ' p»  and  V°  op’ 

in  addition,  there  are  determined: 

■n  J . l° 

A - — , !u  » — »nd  AD  " f 

*0  ° 8 'o 

. having  been  selected,  B is  found  fro. 
The  table  for  the  given  A having 

. 4 .he  table  of  velocities,  at  the  same  A , B and 

A and  fro.  p..  ™d.  “bl*  _ y , Since 

are  used  to  determine  vtat>.  D an<*  O calc.  tab. 

VD  op 


• vtab  D 


(fro.  the  GAO  Tables)  and  vQ  op  - vtab 


/Top  « 

llr„  ,b,  ....  Table* > > H <•»<- 

AK1I  Tables  ( <f>  - 1.05): 

v2 


GAU  Tables  C<f  - D : 


X 


op 


( VD  calc^V. 


- 1.05  I 
op 


yD  calc. 
*D  op 


Dop 


■ top  12; 


op 


u 

q 


.IgpJLl. 

o> 

q 


- — . laBt  value  stands  for  "detersined. ” 

O The  subscript  op  of  the  last  value 

translator. 
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To  deteraioe  the  coefficient  b in  using  the  tables  of  Professor 
Drozdov  and  the  tables  of  the  Chair  of  Interior  Ballistics,  it  is 
necessary,  first  of  all,  on  the  basis  of  the  quantities  A and  pm,  to 
deteraine  B (or  C) , and  then  to  determine 

lK  AK 

ak  " T and  '’Ik  “ r~' 

*0  ad 

If  < 1 (the  burning  of  the  powder  is  conplete),  v2  caic.  is 
computed  as  follows  from  the  tables  of  Professor  Drozdov  ( - 1.05); 


2 

D calc . 


f ^ 


1.05  6 q 


(A  + 1 - aA)f 
h_ 


CAr 


1 - aA)« 


i B6,  i 

1 - — ( 1 - z 
2 


1 


0>2j 


- 2y,790^ 


1 - 


(Ad  + 1 - ai 


J*  |;  * 


'op 


- 1.051 


D calc.  1 
op  j 


- a 


op 


According  to  the  tables  compiled  by  the  Department  of  Interior 
Ballistics  (<p  - 1),  for  any  f and  6 - 0.2: 


v2  - 2ef  - 

D calc.  0 q 


1 - 


BD 

Cad  + 1 T aA)« 


where  B and  D are  found  from  the  table  on  the  basis  of  the  same 
values  for  p^.  A,  and  C. 

„2 


% 


- P calc. . 


°P  v2 

D op 


b - ±U *. 
°P  “/q 


The  tables  of  M.S.  Gorokhov  are  in  part  constructed  in  the  same 
manner  as  the  tables  of  Professor  Drozdov,  in  that  the  quantities  B 
and are  given  directly  as  functions  of  A and  (Appendix  111). 

In  addition,  there  exist  special  tables  for  determining  the  most 
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WKH  A + 1.  etc. ). 


r',  ^5,  An  + 1.  etc.). 

" >X  (the  burning  or  the  po.der  i.  inco.pXete),  It  is  i- 

possible  tKo  employ  the  Formula  rot  v|  c#lc.-  to  compute  it  .it,  the 
aid  or  the  tables  or  Proiessor  Droidov  and  oi  the  Oep.rt.ent  or 
lerior  Ballistics,  aad  it  beco.es  necessary  to  use  only  the  AN11  or 
GAU  Tables  la  conjunction  .1th  the  ror.ulas  presented  above. 

fi  INFLUENCE  OF  VARIATION  OF  <?  AND  b UPON  RESULTS  Ot 
b.  1,<rLUt^J;puTAT1oNS  OF  DESIGN  DATA  (AD>  I D>  • 


From  the  Fundamental  equation,  .e  have: 


Ad  + 1 - a*  " 


(Ak  ♦ 1 - aA) 


[l  -? 


h*  a 


V 


jl/«* 


(1  - r- ) 


i/e 


(1  - r ’ ) 


i/e 


(128) 


(1 


V 


i/e 


At  predetermined  A and  pb,  the  quantity  K - const,  at  a g 

- r ..  .I.-...—-  “28> 

~ -lt»L  »"»  *“  T: 


k Li 

dAD  " « 


dkjp 


(129) 


U - r’) 

upon  dividing  (129)  »,  ™ °btaiD: 


dA, 


r* 


OAn  «.  _ 

A D + 1 -~aA  e (1  - rf)«p 


(130) 


..  ,• i. «» •«  «“o-°333  *•*  • ■ °-2'  “* 
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, t of  ±£>  varies  in  the  range  of 
1 r1  (the  coefficient  of  ^ 

quantity  — ^ _ r *" 

la  A„  i~~ - 

It  is  sees  fr°“  IOr  g greater  th»»  tb«  re" 

From  the  formula  prese 


b “ 


it  follows  that: 


db  . and  — — = 

do  “ uj  - a 

Q 


(131) 


i i the  relative 
_ a is  usually  staall. 

Since  the  difference  «f  variation  of  «f  . 

, b i8  considerably  greater  than 
variation  of  b is  con 

/ \2  . lv  the  divergence  in 

„ jlP_calc A . Consequently, 

“* *“ A’"  - L,.—- 

obtained  by  comp 

the  velocities  vD  calc.  required  to  give  th 

, it»oc  a change  x op 

various  tables  necessitates 


M.e  value,  of  *„•  that; 

lt  folio**  fro.  Formula  (131 ) 

~ a 55 

<?  *f  b 


(132) 


tl30)  me  Obtain  a direct  connection 

, + into  (130/ » 

Upon  substituting  C132) 
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between  the  variation 


and  the  variation 


of  to: 


dLA, 


1 * 


i _ a dto 


r ' o 


dto 


AD  + 1 - 


8 1 - r' 


9 l 


Upon 


• _ *f , where  &v  f 2g 

substituting  r " « 


. r'  Q * 


0 we  obtain. 


h dlJIerence  in  the  q-ty  b 
the  influence  of  the  projectile 

Consequently.  nial  velocity 

e8  with  an  increase  in  the  co.putations  »!«» 

increases  »t  , ,neli  in  perforst  K 

conf irsing  the  results  of  Professor  Drozdov. 

the  aid  of  the  «1«  — ^ the  necessity  of  ezact 

relations  presented  above  the  basis  of  the 

ithe  value  for  the  coefficient  b ^ ciose 

.election  of  ^ ^ exist!-*  " i Hy  i»ports*Q^ 

-- - - *" 

: ~ ~ - - — : - — - **•  ”*■”* 
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PART  THREE  - SOLUTION  OF  PROBLEMS  OF 
INTERNAL  BALLISTICS  IN  COMPLICATED 

CASES 

SECTION  ELEVEN  - COMPLICATED  CASES 
CHAPTER  I - SOLUTION  FOR  CASE  OF  COMBINED  CHARGES 

1.  GENERAL  INFORMATION. 

In  practice,  use  is  made  in  many  cases  of  charges  consisting 
of  a mixture  of  two  samples  of  powders,  one  being  usually  thinner 
and  the  other  thicker;  in  this  connection,  the  powders  may  differ 
in  the  shape  of  their  grain  - being  degressive  or  progressive  - 
and  in  their  nature  - having  different  propellant  forces  f and  rates 
of  burning  u^  . 

Such  composite  or  combined  charges  are  employed  principally 
in  firing  from  howitzers  to  obtain  different  projectile  velocities 
depending  upon  combat  conditions,  for  the  purpose  of  destroying 
targets  at  all  ranges  under  a definite  sufficiently  large  angle 
of  fall. 

Furthermore,  combined  charges  are  employed  on  the  firing 
ground  in  testing  artillery  and  ammunition  equipment  whenever  it 
is  necessary  to  select  a combination  of  maximum  gas  pressure  pB 
and  projectile  velocity  vD  which  it  is  impossible  to  obtain  with 
a charge  composed  of  a single  type  of  powder.  For  example,  let  it 
be  assumed  that  "regulation”  values  for  p^  and  vD  have  been  obtained 
with  a definite  charge  of  a given  type  of  powder,  but  that  it  is 
necessary  to  test  the  barrel  or  ammunition  at  a 10-15%  higher 
pressure  p—  and  at  the  same  velocity  vD,  or  else  that  it  is 
necessary  at  the  regulation  pressure  pB  to  obtain  a higher  pro- 
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Jectile  velocity  vD  for  the  purpose  of  testing  the  action  of  the 
gun  carriage  at  a higher  recoil  velocity*  In  this  case,  the  pro- 
blem can  be  solved  by  the  use  of  a combined  charge,  by  replacing 
a part  of  the  regulation  charge  either  with  a thinner  powder  while 
reducing  the  total  weight  of  the  charge  or  with  a thicker  powder 
while  increasing  the  total  weight. 

As  a rule,  on  the  basis  of  the  tactical  and  technical  require- 
ments, there  are  predetermined  a maximum  initial  velocity  VpQ  for 
the  full  charge  (designated  as  No.  0)  and  a corresponding  velocity 
vDn  *or  “iotmum  charge  (charge  No.  n)  . 

The  ballistic  computation  of  the  barrel  for  the  full  charge 
at  predetermined  d,  q,  and  v^  is  performed  in  the  usual  manner, 
with  certain  modifications  which  take  into  account  the  burning 
characteristics  of  the  powder  under  declining  pressures  as  the 
charge  weights  are  reduced.  The  number  of  velocities  and  the 
number  of  charges  are  designated  on  the  basis  of  the  firing  con- 
ditions, depending  upon  the  predetermined  angles  of  fall  of  the 
projectile  and  the  values  set  for  the  overlapping  of  ranges.  The 
number  n is  set  at  5-10  and  even  higher. 

The  maximum  pressure  for  the  full  charge  (No.  0)  pmQ  is 
designated  in  the  usual  manner  on  the  basis  of  the  quantity  ; 
the  maximum  pressure  for  the  minimus  charge  pmn  is  determined 
from  the  cocking  conditions  of  the  firing  device  (p-n  > 500-700 
kg/cm2) . 

The  corresponding  loading  densities  are  found  to  be  in  the 
ranges  of  AQ  - 0.40-0.60,  AQ  - 0.10-0.15.  After  a scale  of 
initial  velocities  v^,  vD1,  »d2,  ...  vDn  has  been  arrived  at 
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on  the  basis  of  the  solution  of  the  problem  of  exterior  ballistics 
with  proper  consideration  of  the  overlapping  ranges  with  adjacent 
charges,  internal  ballistics  must  give  the  magnitudes  of  the 
charges  necessary  to  ensure  attainment  of  the  predetermined  scale 
of  velocities  and  the  weight  ratios  of  the  thin  and  thick  powders 
composing  each  of  these  charges,  under  the  condition  that  the 
pressures  pMi  do  not  exceed  the  limits  imposed  upon  them. 

In  order  to  solve  this  problem,  it  is  necessary  first  to 
give  the  procedure  for  solving  the  problem  of  pyrodynamics  in  the 
case  of  a combined  charge. 

This  subject  is  left  completely  untouched  in  the  treatises 
and  textbooks  of  foreign  authors,  but  has  been  elaborated  in  detail 
by  many  of  our  own  authors  /"“l,  2,  4-6  7* 

2.  CHARACTERISTICS  OF  COMBINED  CHARGE. 

Let  a charge  consist  of  of  thin  powder  and  £ of 

thick  powder:  cj  - cj’  + <->’• . The  relative  weight  of  each  powder 
will  be  designated  as  follows: 


a'  •♦-a"  - 1,  a*’  - 1 - a'. 

Let  it  be  assumed  that  these  powders  possess  the  following 
characteristics : 
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the  integration  of  these  expressions  will  give  the  following 
equations : 


®1  - - ( 
u ' u"  j 

1 1 o 


where  e'  is  one-half  of  the  thickness  of  the  layer  of  thin  powder 
burnt  prior  to  a given  instant,  and  e"  is  the  same  lor  the  thick 
powder . 

t 

Since  the  quantity  1 - ^ pdt  is  common  to  both  powders, 

0 

it  is  precisely  this  quantity  that  is  most  conveniently  taken 
as  the  independent  variable  in  solving  problems  of  internal 
ballistics  for  a composite  charge.  This  gives  a general  solution 
both  for  the  geometric  law  of  burning  and  for  the  physical  law 
of  burning. 

Prior  to  a certain  instant,  let  there  be  burned  a fraction  4/ 
of  thin  powder  and  a fraction  of  the  thick  powder.  In 

weight  units,  there  will  burn  of  the  former  type  and 

kg 

***  '*kg  ***e  latter  type;  the  sum  of  these  weights  4/  + 
will  constitute  a certain  fraction  of  the  total  weight  of  the 
mixture  u>: 


The  problem  Involved  in  determining  the  characteristics  of 
the  combined  charge  consists  in  establishing  the  form  coefficients, 

P,  and  Ig  for  the  mixture  on  the  basis  of  the  known  form  coefficients 
p and  I for  each  of  the  two  types  of  powders  of  which  the  mixture 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


-.r-u-  ■ ■ ■ ■ •■  - ■■■:■'■ 


is  composed. 

Let  us  introduce  into  the  general  expression  for  v|/: 

+ kXz2 


l 

the  new  independent  variable  I - J pdt  to  replace  z.  Upon  designating: 

0 


1 


1 


K 


- z ; 


and 


X 


ji  , 


there  is  obtained: 

K * X o 2 

- — 1+ I^-KI  + KJU.  (3) 

IK  *K  XK 

Application  of  this  formula  to  each  of  the  components  of  the 
charge  gives: 

t’  - KM  + K’JI'I2;  (3’) 

- K”I  ♦ K"JV*  I2 , V 3” ) 

where : 


Upon  now  substituting  expressions  (3),  (3*),  and  (3**)  into 
(2) , we  have: 

KI  + KJII2  - a'  (K'l  + K’JTI2)  + o"(K"l  + K'W’I2) 

By  equating  in  this  identity  the  coefficients  of  the  same 
powers  of  I,  we  obtain  the  following  expressions  for  the 

885 


i 

J 

J 

I 

i 

i 
i 

i 

J 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


f- 


charac teris t ics  K,  KJ1,  and  J1  : 


K - a*K*  + a"K" ; 

K J1  - a 'K  ’Jl  * + a”K”JV 

Jl-  ™ • 


(4) 

(5) 


Consequently,  the  quantities  f , K,  and  KX1  for  the  combined 
charge  are  obtained  from  the  corresponding  characteristics  of  the 
individual  components  in  accordance  with  the  ordinary  rule  of 
mixtures . 

By  differentiating  equation  (2)  with  respect  to  I,  and 
keeping  in  mind  that  dl  - pdt,  we  obtain: 


*0.  . a’  + a" 
dl  dl  dl 


but : 


Consequently : 


djy  _ dvy 
dl  pdt 


r. 


r - a T*  + a*'rM  • 


(6) 


In  the  coordinate  axes  ^ -I,  the  quantity  T is  the  tangent 
of  the  slope  of  the  curve  with  respect  to  the  I axis.  Let 
us  designate  It  as  y.  Then: 


tan  V-  a*  tan  v*  -fa”  tan  a" . 


886 


(6») 


Formula  (6)  is  applicable  both  to  the  geometric  and  to  the 
physical  la.  of  burning.  Id  the  former  case,  .e  shall  have: 


and  for  the  mixture: 


it  * ,,  ^ r .. 

p _ _ & - a ' - e > a”  — <3  * 


(7) 


„ _ . . l.  For  powders  with 

For  the  start  of  burning,  S - S Si 

. . Thus,  equation  (7)  will  assume 

the  same  grain  shape,  i < K 

the  following  form: 

_ a ' *1  + a"  ^ . 

*K 

This  equation  connects  t.o  unknown  quantities  X and  l%  for 
the  mixture  .1th  the  corresponding  quantities  for  the  components. 

One  of  these  - X - may  be  assigned  arbitrarily:  X-  X’  -X'". 
then,  by  cancelling  out,  .e  obtain  a correlation  expressing  the 
nominal  average  impulse  of  the  mixture  of  t.o  po.ders  in  the 
following  form: 


from  which: 


**  a ' I"  ♦ a” I • 

K K 
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Since  a’  + a“  - 1,  it  follows  that: 


Equation  (8)  shows  that,  in  finding  the  nominal  impulse  of  the 
mixture  IK  by  the  rule  of  mixtures,  what  is  added  together  are  not 
and  I",  but  the  reciprocal  quantities  1/ l£  and  1/I£- 
As  has  been  shown  by  investigations,  the  formula: 


- a'l’ 


°”XI 


(9) 


employed  at  one  time  gives  values  that  are  too  high  in  comparison 
with  1^  as  computed  in  accordance  with  formula  (8) . 

In  using  formula  (9)  for  the  computation,  the  quantity  a* 
is  obtained  larger,  which,  in  firing,  may  lead  to  too  high  a 
pressure  in  comparison  with  that  required - 


(*)  (according  to  Droxdov)  , and  *j^  ■ (according  to  Grave)  • 
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it  3.  graphical  REPRESENTATION  OF  CORRELATION  4^-1  . 

sc 


The  progressive  burning  characteristic  T depicted  in  ^>-1 
coordinates  represents  a tangent  of  angle  y formed  by  the  slope 
of  curve  vy-I  and  the  I-axis.  For  powders  whose  burning  surface 
area  is  constant,  tan  y * " const * 


In  the  case  of  combined  charges: 

«■  a * ; 

T-  cxT’  ♦ a*T" 


t'  + 


K 


where  T.  end  t>a  ^ are  expreeeed  as  functions  of  I. 
Since : 


we  obtain  equation  (8) : 


Y**  - — and  tan  Y - — 
X I'i  6 


a ' 


(8) 


where  IR  is  subject  to  graphical  determination . 

On  the  basis  of  the  formulas  presented  above,  there  Is 
obtained  a slnple  graphical  construction  of  the  lae  of  variation 
of  ^ and  T as  functions  of  I,  both  during  the  burning  of  the 
sixture  and  during  the  completion  of  the  burning  of  the  regaining 
thicker  posder  after  the  burning  of  the  thinner  powder  is  cosplete. 
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Wmk 


Consequently,  we  obtain  formula  (8)  by  graphical  means: 


$ ■ 


x - 


1 a ' t a” 
Ik  i*  ig 


(8) 


Toward  the  end  of  burning  of  the  thin  powder  (1^),  there 
will  have  burned  the  following  part  of  the  total  charge: 

I ' I ' 

K K 

vL/  ’ - aA  ’ + A’C  - aA‘  + BB  ' — -a*  + ^*’  — “ 


from  which  - 1/1^  in  the  diagram,  this  is  represented  by 

the  ratio: 


aC  _ Dd  _ 

0a  4 ia 


Consequently,  the  nominal  impulse  of  the  mixture  1^  will 
be  obtained  by  continuing  the  line  OC  until  it  intersects  the 
straight  line  ^ - 1 ; the  corresponding  abscissa  Od  gives  the 
Impulse  1^  for  the  mixture. 

A break  occurs  at  the  point  C along  the  line^-I,  and 
thenceforth  the  law  of  completion  of  burning  of  the  thick 
powder  and  of  the  variation  of  is  expressed  by  the  line  CB 
and  by  the  equation: 

- a * + a*Y’ . 
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Fig.  169  - Variation  of  Intensive  Gas  Formation  from  Combined  Charge. 

1)  r of  mixture. 

Figure  169  shoes  the  construction  of  theT-1  diagram  for 
the  mixture  of  the  same  poeders  eith  a constant  burning  area. 

f.  is  characterized  by  the  ordinates  of  the  straight  line 
0,A.;r  is  characterized  by  the  straight  line  0"B" ; In  this 

connection  'j  Tdl  - 1 must  be  fulfilled  as  an  identity,  and 
0 

since,  in  the  case  under  consideration,  C - const,  there  .ill 
prevail  for  each  poeder  separately  T " 1 and  ** 
in  conformity  eith  the  formula: 

T-  a-T'  + a’T”  (6) 

..  first  multiply  the  ordinate. T»  by  a-,  obtaining  the  straight 
line  bb’b”  (ar);  to  its  ordinates,  for  the  abscissas  fro.  zero 
to  I<#  ..  add  the  quantities  ba  - b*a*  <«T>  • ««  ordinates 

of  the  line  aa’  give  the  characteristic  T for  the  combined  charge: 

r-  a»r*  + 
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In  the  instant  of  complete  burning  of  the  thin  powder 
with  the  impulse  1^,  the  characteristic  V changes  suddenly 
(from  a*  to  b*),  thereupon  assuming  the  form  of  the  straight 
line  b'b"  (a'T**)  , which  expresses  the  intensity  of  gas  formation 
in  the  process  of  completion  of  burning  of  the  thicker  powder 
with  the  impulse  I"  alone. 

It  is  not  difficult  to  show  that  the  shaded  area,  which 
expresses  the  intensity  of  burning  of  the  combined  charge,  equals 
unity,  just  as  in  the  case  of  single  charges. 

As  a matter  of  fact: 

(This  formula  is  illegible  on  the  original  photostat.  Editor.) 
since  T’l^  - r "I”  - * • 

Now,  knowing  the  correlations  T -I  and^-!*  *s  possible 
to  establish  the  diagram  for  the  correlation  T-f  and  to  apply 
the  resulting  data  on  T,  +,  and  I for  the  combined  charge  to 
the  solution  of  the  problem  of  internal  ballistics. 

In  solving  the  problem  for  the  case  of  the  geometric  law 
of  burning,  it  is  necessary  to  know  the  form  characteristics 
K and  Kit  in  accordance  with  formulas  (4)  and  (5)  and  to  apply 
them  in  the  same  manner  as  in  solving  the  problem  for  a charge 
consisting  of  a single  type  of  powder  until  the  thin  powder 
and  the  corresponding  part  of  the  thick  powder  have  burned. 

Following  this,  the  law  of  gas  formation  changes,  the 
intensity  of  gas  formation  diminishes,  and,  in  solving  the  problem 
of  pyrodynamics,  it  becomes  necessary  to  take  into  account  the 
change  in  the  initial  conditions  for  this  phase  of  burning  of 


894 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


the  coaposite  charge. 

A detailed  theoretical  solution  of  this  problem  is 
given  in  the  theoretical  part  on  pyrodynamics . 

In  the  case  of  the  geometric  law  of  burning,  the  dependence 
of  vf  for  the  mixture  ie  usually  expressed  in  terms  of  z"  - the 
relative  thickness  of  the  thicker  powder.  For  powders  with  the 
form  characteristics  of  the  grain  X ' , V andK",  V,  *e  have: 

2 

+ x’Vz’2;  - X "z”  ac"X,,2'’  > 


where : 


, e*  I’  . z.,  . 21  - 1" 
z — - — . z 


e ' 1 ’ 

1 K 


e"  I" 
1 K 


inasmuch  as,  for  both  powders,  in  a given  instant,  I'  - V 

and  Ig<I£»  11  folio*8  that  z'  > z” ' 

Substituting  the  quantities  z'  and  z"  into  the  formulas 

for  and  , we  obtain: 

- *1  i + *L  ^ l2;  * — 1 + — TZ  l2* 

* * t vi  t • I**  I *!  I 


li 


By  expressing  the  dependence  of  in  terms  of  z",  multiplying 

and  dividing  by  I",  and  designating  171”  - "®  obtain: 

* 4 i”  4 4 4 4 4 4 


but : 


STAT 
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- a 4 a*’^"  . 

Representation  of  as  a function  of  z"  gives: 


-w  z"  + x X z**2  - a'  — z"  4 a'  — — z”2  * a"*"z"  4 a”*"X"  z."2 . 

- xri|z  + KCyA.CMz  “ . z.  z, 

K K K 


S'  “ »'CMi  ^ ^CM^CM 

We  equate  the  coefficients  of  the  same  powers  of  z” : 


vf  . ^ 5 ♦ CX,,x,,  i K X — H ' X*  t . 

CM  - . CM  CM  2 

r z ' 

* K 


Thus , there  has  been  obtained  an  expression  for  ^ mixture 
in  the  usual  fora,  as  a function  of  z”  - the  relative  thickness 
of  the  burnt  layer  of  the  thicker  powder. 

Since  the  quantity  is  computed  with  the  aid  of  the  usual 

formula : 


+»‘iT 


l _ 1 
A S 


where  - a’f  ’ 4 a,,fM  is  the  propellant  force  of  the  powder  in 
the  combined  charge,  it  follows  that: 


2*0 


0 *c*0  + s0)  *C1I 


H=i  * “')  ’ 
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w 

fi''; 


since 

Since  < 1 , it  follows  that: 

2-1  + a"  > a ' + 


aM  - I 


*nd  z 


; .....  •„  IT  . ....I-  ■“  “* 

ly  us  long  as  both  powders 


of  vV0. 

The  formulas  derived  above  app 
are  burning,  i.e.,  untxl  the  instant  when: 

II 


- 


K ‘k 


1 and  - 1 • 


In  that  instant: 


a,  - a*  + a"*’;. 
tK*  k 


where  - the  °f  thC  °*  thiCk  P°WdCr 

.hich  has  burned  by  the  tl.e  the  burning  of  the  thin  powder  is 

complete . 

4.  ANALYTICAL  SOLUTION  OF  PROBLEM 
(Written  by  professor  G.  V.  Oppokov) . 

We  shall  here  consider  in  detail  only  the  si.plest  case,  -hen 
the  charge  consist,  of  powder,  of  two  type.,  both  of  -hich  are 

degressive  in  for.  and  po.se..  nature. 

It  1B  already  known  that  the  total  interval  of  burning  of  the  charge 
BU,t  in  thi.  ca.e  «•  dlvi-d  »-to  two  pha.e. ; by  the  end  of  the 
flr.t  phase,  all  of  the  thin  powder  and  a part  of  the  thick  powder 

, - thick  powder  im  completed  in 

have  burned,  and  the  burning  of  the  thick  p 
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the  course  of  the  second  phase . 

For  the  first  phase,  in  the  presence  of  a binomial  relation 
for  the  law  of  gas  formation,  we  have: 


'V  - * zM  + xAz"2  . 

Consequently,  the  formulas  for  the  single  charge  retain  their 
significance,  as  long  as  the  following  particulars  are  observed. 

i)  The  form  characteristics  x and  XX  are  determined  with 
the  aid  of  the  following  formulas: 


it  - — 3 * + ^"a"  and  X - — — — 'i  • + x^X'd’*  , 
ZK  z’2 

K 

where : 


a * 


, a”  - 


2)  The  quantities  zQ  and  1^  must  be  replaced  by  z”  and 
for  the  thick  powder,  where: 


+0  _ +0 
o ” IT 


3)  The  argument : 


x - z"  - z”;  x - z"  - z"  - z*  - z" . 

0 K K’  0 g 0 


898 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


$ 


4)  At  the  end  of  the  first  phase,  we  shall  have: 


z" 

K 


— - ; x - z"  - z"  ; v ' - v x , 
e,.  K1  K'  0 K K , 0 K 1 


where : 


K,0 


Vpgi 


In  the  second  phase,  the  differential  equation: 

d j Bx  ( f l ) 

_ . 


(10) 


is  retained,  as  is  the  formula  for  the  velocity  of  the  projectile: 


V " VK,0x; 


ind  the  law  of  gas  formation  has  the  following  form: 


K’z"(l  + X"z")  . 


^ U>  U) 


By  substituting  here  the  quantity: 


z"  - * 


and  designating: 


+0,2  - £ * *0  + x02 


k1.2  ' ~ + 2 
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. !£«"(!  + 2VzJJ)  - ^ «''eo 


we  shall  obtain  for  the  second  phase: 

vV-  +0 


secouu  * 

.2  * k1.2X  +^K"X")x2' 


Thus.  the  law  of  gas  formation  has  a for*  analogous 
tor*  of  the  la,  of  gas  formation  for  the  first  P-—’ 

+ - +0  + kix  + *X*2’ 


to  the 


tead  of 


. for  the  second  phase, 

II  follows  from  this  that,  for 

and  c use  must  be  made  of  the  entitles  B2  and  C2,  .here: 


32  2 


?S  J ^ ];  c2  - 


b2 


'2  k 


1 ,2 


and  then  the  tabular  parameters  will  be: 


C2^0,2 

& - c2*;  % " k1>2 


tnteffratiug  the  equation: 
Furthenore,  in  integral  & 


d( 


Bx(l  ^ + 1 ) 


dx  +0,2  * *1,2 


,x  - B2x2 


(ID 


lt  b.  .a..  l.«  ..a.  ..  ...  ■“'* 

L- ......  «•  pr°] . 


®0,2  “ C2*K,1' 
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Consequently,  approxim- 


ate integration  of  equation  (11) 


l.  + £ 

ln  — i 

*4-  + x 

T av  _ *» 


*0,2  * kl,2X  " B2*  B2  J K * 3 " 0 


where,  as  in  the  first  phase: 


U " i A " ‘a  v . * 
T av  . 


but,  in  contrast  with  that  phase: 


*K.l  * + 


in  which  connection  , the  relative  fraction  of  the  burnt 

K , 1 

mrt  Of  the  total  charee.  is  equal  at  the  start  of  the  second 


part  of  the  total  charge,  is  equa 
phase  to  : 


sV  - * *»•  +x\z"  2 - 4»  ♦ k,x„  , +■  *Xx2  , • 

*1,1  1,1  1,1  T0  1 1,1  1,1 

In  determining  the  integral  of  the  right-hand  side  of 
equation  (11),  it  is  possible  to  sake  use  of  the  same  table 
for  log  Z~A,  while  keeping  in  mind,  however,  that: 


%+  3 - 3d 


& 

S - 

l * + 


- log  e 


U , A 

( — 
) j * 


logU-1Z0>2), 
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where : 


3, 


log  Z~*  - log  e 


f 3d3 
) *+3-3 


Thus : 


1.  f l 


In  - 


la,  + l K 1 


2 ' 108  Zo"2  “ 108  C \ 

0 


-b/b2  b/b2 
- In  U Z0#2  >. 


0,2 


3dfi 


y + 3 - 3" 


from  which  there  is  finally  obtained  the  desired  general  relation 
for  the  path  of  the  projectile  in  the  second  phase: 

b/b2  -b/b 


! - (1 


* !k,i)Z°-2 


Therefore,  in  comparison  with  the  first  phase,  the  coefficient 

l applied  to  Z-B,Bi  is  replaced  by  the  following  product: 

» av  . 


U 


B/B2 


+av.  + °-2  ’ 


B/B, 


where  Z is  a constant  quantity  for  all  points  in  the  second 

0,2 

phase,  which  is  determined  from  the  table  for  log  Z on  the  basis  of 
data  for  * *fld  3q  2* 

Note : At  Y > 0.2,  it  is  possible  to  wake  use  of  the  following 

formula : 


log  Z 


-1  1 


2 \/l  + 4* 


log 


1 + iVl  + *![+  1) 

i . ± (V/TT77-  i) 


- 1 log  1 + | (1  - e>  . 
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..  . TO  fi„d  the  principal  ballistic  elements  for 
5iii:iET7  l5,  mm  ,1.1-  howitzer  with  a full  charge  composed 
thB  1909  ”0de  ’ thlck  p powder  under  the  following  conditions: 

of  thin  Tg  powder  and  thick  I 6 P 

0 98-  6-  l-6i  « - 0.18;  ^ - 71  10 

f - 925,000;  a - 0.98, 

u,  _ 0 .6015 ; 0.675  • 14  • 100  (mm); 

1.228;  1.055  • 20  • 100  (mm); 

s-  1.868;  *0  “ 4.04;  - »«•«» 

1 . o - 30,000;  K - 98.1. 

q . 40.95.  r l'°6t3q'  P° 

t t ions  are  broken  up  into  separate  stages. 
solution-  The  computations 

I.  preliminary  Period. 

. U'S’  - 1-0548;  *•*  - -0.0a48, 

1)  K’  - 1 + a’  * ^ “2 

...  X a-3-  - 1.063;  *"K  - -0-0630; 

2)  _ 1 + a"  - P 2 


f 


3)  w 


0.3287  ; 


4)  ^ - 0.6713; 

w 

2e- 

. — - - 0.6398; 

5)  rK,l  2e’^ 


6)  X 


>t’  0.5419  + 0.7136  - 1.2555; 

" . ..  I w 


_ , 

ZK,1 


. J **V  + -lK"V  - -0.04399  - 0.04229  - -0.08628; 
7)  XX-  — 

K,1 


8) 


!0  1 1.583; 


” 1 
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III.  Tabular  Constants  for  First  Phase  of  First  Period 

1)  B - I 2.534; 

2)  - y - 0.3144  (cf  . No.  7 in  Stage  l); 


3)  — — - 8.061; 

B. 


4)  C - - 0.2520; 

*1 


5)  Jf  - 0.01024. 

*1 


IV.  Ballistic  Elements  of  Shot  at  End  of  First  Phase 
of  First  Period. 


15  ®K,1  - c (1  - xjj)  - CxK(1  - 0.1510; 

2>  Vl  ‘ VK.0XK.l  - 185  3 “'8ec  = 

3)^r,l  'to  * kl*Kil  +xX*K(1  - 0.7676; 

^ -f 

4>  4b  - JLii ? - 0.4092; 


5)  " lA  " “ 1-410; 


6>  log  Z“  x - 0.0577  {from  table  of  log  Z”1)  ; 
-B/Bi 

7)  *i,i  * **  ZK  1 " 4 - 2-704  **; 

' Tav.  Tav, 


f«i/  ” (a  - “t»  , - 1-285  da; 
~t,l  A 'K,l 
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9>  p*,i  " 1 * T 


B8  ,2 
+ 1 B*1 

'V®,1 


- 1689  kg,  cm2 


O sense  in  waking  further  approximations.  si-e, 

TherC  t there  is  allowed  a *50  */«»  hiscrepanc, 

generally  speaking.  ln  accordance  with  literature 

between  the  initial  and  c P firing  tests  is  1650-1700 

data , the  waxr.au*  pressure  obtained 

kg,  cm  . First  period. 

# ... {*•--)*- ,'3576  — * 
l>  to, 2 «*»  V “ I ' ' 


and  7 in  Stage  I) ; 


2)  k 


+ 2 


*"V)  ^ - 0.7102. 


for  se  ond  Phase  of  First  Period. 

V11.  -Tabular  Constants  for 

B0  _ - 0.2704; 

11  b2  " T 


a.  — - • 9.374; 

2>  ®2 


3)  C2  - k 


B2  . 0.3807; 


1.2 

ca^o,2 


• 0.1916; 


* ' V } 

4)  K - — 

kl,2 

r x—  * 0.2281; 

5)  »0,2  * C2**,l 

Z -1  - 0.0364  (knowing  f «*d  B,,  ^ 

6)  log  Zo2 
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7)  - 0.4558. 


VIII.  Ballistic  Elements 


at  End  of  Burning  of  Powder. 


D o “ C2xK,2 


- 0.3653, 


2)  vk>2  - vK,0xK,0  - 296'7  “/SeC; 

/ ..  \ 

3) vVk,2  " + 2 + kl,2XK,2  (^T*  Xj  XK’2 

^K.2  * ^K,l  _ 0.8838; 


5)  l a,  “*  ~ a^av  . 

~av  . 


- 1 .245  da; 


6)  log  Z”  2 - 0.0807; 

b/b2  z_B /B2  _ j _ 9.04  dm; 

7)  t,  2 - (IV  *lK,l)Z°»2  K-2  lav. 

K,z  Tav.  # 


- 1 .203  dm ; 


8*  ^K,2  “ r 2 

*r  7 ' ^ XK  2 

fu,  *.2  2 K,2 

9)  PK,2  s j ♦ I , 

Tr  O “ > ” 


699  kg/cm 


The  resulting  values: 


, BO  2 . L 5-  - 0.7901; 

^K,2  2 *K,2  2 


j - li  ~ 1-203:  log  PK,2  a“d  +JK,2> 
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will  be  needed  for  the  next  stage. 


IX.  Ballistic  Elements  of  Shot  at  Muzzle. 
As  assigned,  lQ  - 14.58. 

” 4P  - 1 ('  :)!(t)  ‘ "•lM  • 10,; 

li  + lT> 

2)  "Y|  n - 1.539; 

D / + / 

*1  LK,2 


3)  p - p r*f  1 0 - 420  kg/ cm2; 
D K , 2 D 


4)  v_  - v 
D Rp 


\_^-0.2  _ 335.9  m/  sec  . 


The  tabular  muzzle  velocity  is  vD  - 335.3  »/sec. 

5.  Use  of  GAU  Tables  for  the  Case  of  Combined  Charges. 

The  GAU  Tables,  ANII  Tables,  and  tables  of  Professor  Drozdov 
are  set  up  for  a charge  consisting  of  a single  type  of  powder, 
which  is  characterized  by  the  strip-type  grain  shape  (X  - 1.06), 
the  strip  thickness  2eJl,  and  the  burning  rate  ux  or  full  impulse 
lK  - ei/ux  • 

The  magnitude  of  the  impulse  enters  into  the  loading  parameter 

2 2 
B*l± 

3 «.  — 9 which  is  a basic  quantity  in  the  tables  together  with  the 

f«*«fm 

quantity  A*  The  relations  found  above  for  of  the  mixture  and  for 
the  other  characteristics  make  it  possible  approximately,  but  with 
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an  accuracy  sufficient  for  practical  purposes,  to  utilize  the  GAU 
and  other  table  for  the  solution  of  problems  in  interior  ballistics 
in  the  case  of  combined  charges. 

If  the  powders  composing  the  charge  have  the  same  strip  shape, 
then,  knowing  Ij£  and  as  well  as  w,  uj'  , and  u"  # the  nominal 

pressure  impulse  of  the  mixture  of  powders  IK  is  found  with  the 
aid  of  formula  (8),  substituted  into  the  expression  for  B,  and 
used  in  solving  the  problem  in  the  same  manner  as  in  the  case  of 
a single  powder. 

If  the  powders  have  different  grain  shapes,  for  example  de- 
gressive (strip  or  grain  of  the  4/1  or  7/1  type)  and  progressive 
with  seven  perforations  (7/7,  9/7,  12/7,  etc.),  then,  for  the 
degressive  powders,  X ■ 1.06  is  assumed,  and,  instead  of  powders 
with  seven  perforations,  there  is  taken  the  equivalent  strip-type 
powder  with  the  following  strip  thickness: 

10 


2e  i 


strip 


T 2ei 


7 perfor. 


and  the  impulse  I£ 


ej/uj  is  determined  for  it. 

For  strip-type  as  well  as  for  4/1  and  7,1  powders,  the 
thickness  of  the  powder  is  not  altered,  and  is  determined  in 
the  usual  manner:  l£  - 

These  values  for  the  Impulses  1^  and  I£  are  thereupon  sub- 
stituted into  formula  (8),  1^  for  the  combined  charge  is  found 
from  the  known  values  of  a*  and  a",  and,  this  quantity  having 
been  used  to  compute  the  parameter  B,  the  problem  is  thenceforth 
solved  in  the  usual  manner,  as  in  the  case  of  a single  powder. 
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Thus  the  solution  applicable  to  a combined  charge  contains 
only  one  additional  operation  for  determining  the  pulse  of  the 
mixture  according  to  formula  (8) . 

The  results  of  computations  on  the  basis  of  the  tables,  performed 
parallel  with  computations  by  the  analytical  methods  of  Professor 
Drozdov  and  Professor  Grave,  show  an  almost  perfect  agreement 
in  the  quantities  pn  and  vD . But  the  tabular  method  with  the 
use  of  the  impulse  of  the  mixture  and  the  parameter  B corresponding 
thereto  does  not  make  it  possible  to  determine  the  actual  position 
of  the  projectile  at  the  end  of  burning  of  the  entire  charge,  which 
corresponds  to  the  end  of  burning  of  the  thick  powder  with  the 
impulse  1£. 

The  quantity  for  the  mixture  is  merely  a nominal  quantity 
suitable  to  characterize  the  rate  of  gas  formation  as  long  as 
both  powders  are  burning  together  (as  far  as  the  point  C in  fig.  168). 
The  actual  end  of  burning  can  be  determined  from  the  velocity  curve 
v- l or  v-X,  if  there  is  marked  thereon  the  ordinate  vg  corresponding 
to  the  end  of  burning  of  the  thick  powder,  which  is  determined 


for  the  formula: 


Cl  « zn>  * 


% -7 


1 _ 1 
A S 


Po  + a 6 


From  the  v- 1 diagram,  on  the  basis  of  the  quantity  v£,  we  can 
determine  the  magnitude  of  the  path  lj£,  i.e.,  the  position  of  the 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


end  o f burning  of  the  total  charge,  which  is  important  for 
establishing  the  completeness  of  burning  of  the  powder  with  a 
given  charge. 

in  exactly  the  same  manner,  with  the  aid  of  the  formula: 

slk  ,, 

(1  - z0)  , 

K cj>m 

it  is  possible  to  determine  from  the  v-l  diagram  the  position 
of  the  projectile  at  the  end  of  burning  of  the  thin  powder  P • 

To  determine  the  percentage  content  of  the  thin  and  thick 
powders  in  the  mixture  for  a gun  with  predetermined  design 
characteristics  (WQ,  s,AD)  at  a predetermined  A , the  quantity 
pB  is  used  to  establish  the  parameter  B from  the  GAl!  Tables, 
issue  No.  I,  whereupon  there  is  found  the  impulse  of  the  mixture: 

Ijc  - \ \fSVZ^u. 

Knowing  the  impulse.  I*  and  1*  of  the  powders  composing  the 

mixture  and  the  total  weight  of  the  charge  - - *0  ’ At  18 

possible  to  find  the  quantity  a'  fro-  formula  (8),  assuming  that 

a"  * 1 - a’- 

We  obtain: 
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and  then: 


Ms 


y . u>a ' ; i*>"  - ( 1 - cx')u>» 


In  the  treatment  of  results  of  firing  tests  from  guns,  there 
is  usually  observed  a diminution  of  the  coefficient  of  utilization 
of  the  unit  weight  of  the  charge  ->jw  as  the  weight  of  the  charge 
increases,  since,  at  large  u,,  q,  a larger  fraction  of  the 
external  work  is  co.su.ed  in  moving  the  gases  of  the  charge  and 
a smaller  part  remains  for  the  useful  work  of  moving  the  projectile. 

In  the  treatment  of  results  of  firing  tests  from  howitzers 
with  combined  charges,  there  is  usually  observed  a different  law 
of  variation  of  the  coefficient^.  In  some  howitzers,  in  the 
presence  of  the  minimum  charge.  -?on  has  its  minimum  value  and 
increases  as  the  weight  of  the  charge  Increases;  in  others,  as 
the  weight  of  the  charge  increases  with  the  Increase  in  the  relative 
weight  of  the  thick  powder,  the  coefficient  -*w  at  first  diminishes, 
passes  through  a minimum  in  the  presence  of  one  of  the  intermediate 
charges,  and  then  increases  again,  it  usually  being  the  case  that, 
with  the  full  charge,  is  larger  than  of  the  basic  minimum 

charge . 

a rule,  the  velocity 


In  this  connection,  aa 
accordance  with  a linear  Is 


Di 

function  of  the  weight  of  the 


charge  (fig-  170) , 


instead  of  being  convex  upward. 
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Fig.  170  - Variation  in  vD  and  in  Firing  with  Combined  Charge. 


1)  charge  no. 


6.  PARTICULARS  OF  BALLISTIC  DESIGN  OF  HOWITZERS  AND 
COMPUTATION  OF  CHARGES. 


The  ballistic  computation  of  a howitzer  is  conducted  for  the 
maximum  initial  velocity  vD,  which  corresponds  to  the  full  charge 
at  the  maximum  pressure  p^ . In  this  connection,  the  following 
data  are  found:  the  weight  of  the  full  charge  No.  0 - wq ; the 


fundamental  design  characteristics  of  the  bore  - An.  L - / 

O'  D KH  lKH 


+ l D * * KB  " *0^D  * » an<*  nominal  Impulse  of  the  powder 

mixture  for  the  charge  No.  0 - - which  is  determined  from  the 

parameter  Bq • The  propellant  force  of  the  powder  in  the  charge 
No.  0 is  assumed  to  be  90-93  tm/kg,  unless  more  accurate  data 


relating  to  tQ  for  a "related"  gun  are  available. 


In  this  connection,  contrary  to  the  design  of  guns  firing 
with  one  charge  and  with  one  initial  projectile  velocity,  for  which 
it  is  desirable  to  obtain  in  the  range  of  0.60-0.65,  f 

a howitzer  with  a full  charge  must  be  considerably  lower  (0.25-0.30) 
in  order  that  the  sum  thick  powder  be  given  enough  time  to  burn 
in  the  presence  of  diminished  charges  and  reduced  pressures. 


4 
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involves  the  transfer  of  the  end  of  burning  toward  the  suzzle 


For  this  reason,  in  utilizing  the  directive  diagram,  after 
determining  the  minimum-volume  gun  (point  M0)  and  reducing  the 
weight  of  the  charge  (point  N) , it  is  necessary  to  proceed  in 
the  direction  of  reducing  A and  and  increasing  Ap,  i.e.,  to 
take  variants  in  the  lower  left  sector  from  the  point  kQ • m 
this  connection,  the  characteristic  “ Pav./^>m  *s  obtained 

smaller  than  in  the  case  of  guns  (0.40-0.50). 

For  the  designed  gun,  using  the  minimum  charge  No.  n,  the 
predetermined  velocity  v^  and  the  pressure  pm  a.  which  is  pre- 
determined by  the  cocking  conditions  of  the  firing  device,  are 
used  to  assign  - 0.10-0.15  and  to  de termlne  , Bn,  and  1^  - 

the  pressure  impulse  for  the  thin  powder  alone.  On  the  basis  of 
treatment  of  data  for  existing  howitzers,  the  propellant  force  of 
the  powder  f'  is  obtained  equal  to  80-82  tm/ kg . 

The  computation  will  in  this  case  follow  the  course  outlines 
below.  having  been  assigned,  there  are  found: 


»0  • An«  ‘Pn  - (1  05-1.06)  + - | ; 


n*  v «pq  95  * ^ af 

it  the  given  o n,  fro.A„  and  vT>D,  there  are  found  BQ  and: 

Ig  - £ vBnfn«n«pn«; 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


From  A and  B,  there  are  determined  the  pressure  pm  tab. 

f 

Pmf  m tab . 95 


It  p is  smaller  than  the  required  p^,  A is  changed  and 
the  computation  is  repeated  until  the  necessary  magnitude  is 
selected  for  p • 

B | U 

The  impulse  l£  determined  in  the  final  variant  will  characterize 
the  thin  powder  composing  the  basic  charge  oQ  in  the  remaining  com- 
bined charges. 

Knowing  the  weights  of  the  full  and  minimum  charges  and  ^ n » 
we  can  find  for  the  charge  Ho.  0: 


Knowing  I*  for  the  full  charge,  which  is  composed  of  a mixture 
of  a thin  powder  with  a known  impulse  l£  and  a thick  powder  with  an 
unknown  impulse  I£,  we  determine  the  latter  on  the  basis  of 


equation  (8)  : 


from  which: 


The  value*  of  l£  and  I£  will  subsequently  be  the  same  for  all 
intermediate  charges. 


6 
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f is  found  fro.  the  quantities  fQ  and 
yor  tne  thick  powder,  f is  tounu 

f for  the  full  ninisum  charges: 

fO  " f ’O0  + f "“O’ 


from  which: 


f”  - 


f o • f'a0 


usually,  f is  close  to  95  t„,  kg  • we 

v ^ , and  the  scale  of  velocities,  -e 

Knowing  v • vD>n,  0>  Qf 

designate  the  -eights  of  the  interstate  charges  on 

the  linear  relation  between  vQ  and  - : 


«->  «•  + - V 

i n vn  o vi 


vD,o  " vD,i 


*VD,1  ~ VD,n^’ 


Knowing  -4.  « determine: 

At  - *o“i;  “i 


«;  - 1 - ai; 


ft  - fa'  + f’'ai« 


tab.D 


_ , A* 1 — — and 

The  subsequent  procedure  is  as  above:  nti  y q ^ 95 

j _ are  used  to  determine 

r /n  are  computed,  and  A1(AD,  tab.D 

0,1  ,#1  , .nd  B are  used  to  deter.ine  P.  tab.  and  pmf  ' 

whereupon  and  Bi 

- P»  tab.  95 
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(Professor  G.  V.  Oppokov ) 

For  a consideration  of  the  gradual  cutting  of  the  rotating  band 
iBto  the  rifling  grooves  of  the  barrel,  the  preliminary  period  must 
be  divided  into  two  phases:  the  initial  phase  and  the  phase  of  accel- 
eration of  the  projectile,  at  the  start  of  which  the  pressure  of 
powder  gases  attains  a magnitude  sufficient  for  the  onset  of  the  cut- 

ting-in  process. 

For  the  initial  phase  of  the  preliminary  period,  it  is  possible 
to  employ  the  usual  formulas  applicable  to  the  preliminary  period 
after  replacing  therein  the  quantities: 

Po>+0’ki  and  Z° 

by  the  quantities: 

PH'*H'kH  *nd  7H' 

in  the  acceleration  phase,  it  will  be  necessary  to  deal  with  an 
equation  of  the  motion  of  the  projectile  of  the  following  type: 

<f>m  ^ “ (p  -Tl)s, 

where  fl  is  the  force  of  resistance  of  the  rotating  hand  to  the  cut- 
ting-in process,  related  to  the  unit  cross-sectional  area  s: 

fu>*V  — QA 

lt  necessary  «<»«»>  -«  * »'  «"  “*'** 

in  the  following  form: 

A - ^ ♦ Ajj . 

The  law  governing  the  force  TT  and  the  corresponding  work  An 

should  be  established  by  experimental  means. 

Finally,  the  gss  inflow  *will  be  found  in  accordance  with  the 
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lav  of  gas  formation: 

- E_  ./x2  + 4XA>V, 
dt  IK  V 

if  use  is  made  of  the  geometric  law  of  burning. 


In  summary , numerical  integration  must  be  applied  to  a system  of 


equations  of  the  following  type: 


- (p  - TT  ) 


( vf>m  i 
\ 3 / * 


- t2  An 
f 


P - f ^ 


This  integration  may  be  carried  out  in  accordance  with  the  vari- 
ant presented  in  the  books  of  Professor  Oppokov  /7 -8/. 

In  order  to  arrive  at  an  analytical  method  of  solution,  it  is 
necessary  to  make  three  simplifying  assumptions  for  the  purpose  of 
determining  the  velocity  of  the  projectile  in  the  given  phase. 

1)  The  variation  of  ^ in  the  first  equation  of  the  system  (15) 


is  neglected: 


£V*2  + 4*x+"-  r!  p: 


2)  The  small  terms  in  the  numerator  of  the  fraction  on  the  right- 
hand  side  of  formula  (16)  are  neglected,  and  the  following  substitution 
is  performed  in  the  denominator: 

I,  +t  - lA  + 'c'  ' . <18) 
where  the  average  length  nay  be  replaced  by  l being  considered  to 
be  constant  during  the  Integrating  operation. 
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All  formulas  for  performing  computations  in  connection  with  the 
acceleration  phase  are  summarized  in  Table  3 (p.  926). 


The  quantities: 

X'  Yi’  +H’  and  ZH 

have  already  been  found  in  the  computations  for  the  initial  phase. 

The  quantities  P„  and  TTav.  must  be  known  in  advance.  The  argument 
in  this  Phase  is  the  path  I of  the  projectile.  The  formula  for  the 
pressure  in  Table  3 has  been  obtained  fro-  formula  (16).  in  which 
there  are  taken: 

. n.  B®  2 _ _ if  _ es-H  v2. 

An  °’  2 vj^  2fw 

The  formula  for  t in  Table  3 is  found  from  expression  (21). 

The  theory  of  solution  of  the  problem  in  the  first  period  is 
analogous  to  the  theory  of  its  solution  for  a simple  charge,  except 
that  it  i.  necessary  to  take  into  consideration  that,  at  the  start  of 
the  first  period,  the  projectile  has  the  velocity  v^.  and  has  al- 
ready traversed  the  path  . For  this  reason,  in  the  first  place, 

integration  of  the  equation  for  velocity  will  give: 


*511  " XKav. 


to  + t« 


J pdt  - : 


The  quantity: 


ay  be  retained,  but  for  zQ  it  Is  necessary  to  take: 
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Example  1.  To  find  the  ballistic  elements  of  a shot  at  the  end 
of  the  preliminary  period  with  consideration  of  the  gradual  cutting 
of  the  rotating  band  of  the  projectile  into  the  rifling  grooves  of 
the  barrel  for  the  1942  model  76  ram  light  division  gun  (ZIS-3)  under 
the  following  loading  conditions: 

f - 896,000;  a - 1;  - 1.6;  0-0.2; 

1.08;  2c  i - 1.4  mm;  1.06; 

w0  - 1.49;  s - 0.4692;  1D  - 26.88;  Igay.  “ u-33: 

q - 6.2;  <f  - 1;  pH  - 15,000;  Tlav  - 10,000. 

I.  Initial  Phase  of  Preliminary  Period. 

1)  X - 1.06  (given) ; 2>  ^ - j - 0.755;  3)  j-  - > - \ - 0. 


375; 


4)+, 


- r2  : ^ + I^:1ob'vh  “ 2* 


0987;  5)  X,,  -V42  i-  »**<VH;log  kH  - 0.0248. 


II.  Preliminary  Computations  for  Acceleration  Phase. 

D«p-  K + i - - 1 (given)  ; 2)  log  'Sf  - 1.1293;  3)  1R  - 938.5:  2ei  - 1.4; 
3 q 

4)  log  vK>0  - log 


(■*  ’ ?)- 


3.8431;  5)  log  ^ - 0.3620;  6)  log  f ^ - 6.3143; 


\ ' i — 

7)  log  “ log  — • -g—  *■  0.2399;  8)  log  fa  - log  - • j-  - 1.9360; 

S 62  1 


9)  log  -t2  - log 


Apm  ^Kav.V 

V ’ 


6 . 6478 ; 10)  log^  - log 


1k'a 

f - kK 


4.8732; 


11)  log  ?rr=-  - *.3323;  12)  log| 
2lA 


;(ph  : '£)  - 5- 


0468. 


HI.  Ballistic  Elements  at  End  of  Preliminary  Period. 

Knowing  from  the  assignment  that  f-  *Kav.  " 0,33  dm’  we  obtain 
from  the  formulas  in  the  middle  section  of  Table  3: 
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1)  t 


av. 


£ 

T + Ik-  i - 0.709*  IQ-4.  2)  k2 0.150; 

T1  2t . Kav.  t2 


3)  L 


(-H  ‘ *f) 


log  L - 5.8720;  4) 


Kav . 


4.43. 


I 


Knowing  that  - 4.43  and  k2  - 0.150,  wo  use  Tables  1 and  2 to 
obtain  by  double  interpolation: 


5) 


PRav • - 10.78  and  6) 


T a v . V Ka yL  _ 7m07,  which  makes  it  possible  to 


find  for  the  end  of  the  preliminary  period: 

7)  P„  - 10 . 82pH  - 1617  kg' cb2 ; 8)  v, 

#/  ^Kav.  H 


7. 13L 


- 64.3  m/sec. 


‘'Kav.  “ 'av. 

We  continue  the  computations  in  accordance  with  the  formulas 
the  lower  section  of  Table  3: 


2 

l 1 . 0 •€»  VKav. 

A + Kav.  2 |f"  * 


HKav. 


8)  4/ 


Kav. 


log  ^ 


HKav. 


Kav. 


_ 2*Kav. 0.1469; 

9)  kav.  ~\'*2  + 4*X*K»v.  " 0.0181;  10)  . X + k#y 

11)  t&v.  - 2.3031av.  log  ^ - 0.001944  sec  . 

Without  consideration  of  the  gradual  cutting-in  process,  there 

were  at  the  end  of  the  period: 

( - 0;  vQ  - 0;  pQ  - 300  kg/ cm2 

with  consideration  of  the  cutting-ln  process,  these  changed  to: 

(Kav  “ °-33:  vKav.  " 64,3  ■/BCC:  “ 1617  kg/C*2 

ple  2.  To  find  the  principal  ballistic  elesents  of  the  shot 

under  the  conditions  of  Example  1 and  fros  its  results. 


1 . 1887  ; 
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Solution.  We  perform  the  computations  with  the  aid  of  the 
formulas  in  Table  4. 


IV.  Preliminary 

Computations  for 

First 

VKav. 

l)  xKav.  " vK>0 

0.092  4 ; 

to 

N 

C 

1 

zKa  v . 

i 2 

3)  “ *20  * * ” 

- 0.07  56; 

4)  kj  - 

xK.av. 


- 0.0545; 


V.  Tabular  Constants  for  First  Period. 


1)  B - 1“  : (‘  i • ?)-  3171'  2 


) BX 


Be 


- x\  - 0.3771; 

c'Vo 


3,  log  £ - 0.9248 ; 4,  logC-  log  £ - T.5538;  5>  - 0.0188: 

6)  Pga v . - Cxgav.  ' = 7>  ' °-006°  ^ ^ ^ 

knowing  * and  PKav.>;  8)  lQg  ^1^  -1.9495. 

For  the  stages  VI  and  VII,  we  employ  the  formulas  in  the  lower 
section  of  Table  4 Clog  x.fl  - T.4676;  log  *K  - T.9756): 

vK  - 658.8  -/sec;  *K  - I;  tK  ~ *»•■»  - >K  " 606  Vl  " 

'Vm  1 “ 0.3615;  /m,i  • 1.502;  Pm,  1 " 234^‘ 

For  the  stage  VIII,  we  employ  the  formulas  of  Section  4,  Chapter  1, 
Part  Two: 


log  - 0.0555; 
VD 


p - 519  kg/cm2;  - 679.5  m/sec. 

D 


It  is  already  known  that,  by  experiment: 

• 2320  kg/cm2  and  vD  — 680  m/sec . 
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PHAPTEH  3 - «™n-rmn  Of  PROBLEM  of  1 NTEHN AL 
BALLISTICS  rOK_MOHlTARS 

1 , General  Information^ 

In  comparison  .1th  a shot  from  an  ordinary  artillery  gun,  a shot 
from  a mortar  has  a number  of  specific  features.  For  this  reason,  the 
burning  of  the  powder  and  the  other  processes  connected  «th  the  aor 
ol  the  powder  gases  during  a shot  from  a mortar  proceed  under  conditions 
which  are  more  complex  and  less  known  in  some  respects,  but  simpler  In 
other  respects. 

The  basic  charge  of  a mortar  Cflg.  171,  is  contained  in  a car  - 
board  cartridge  (shell  case,  inserted  in  the  stabilizer  tube  1 (tail 
Of  the  mortar  shell,.  The  tube  has  four  or  six  rows  of  circular 
openings  2,  through  which  the  powder  gases  formed  within  the  shell 
case  must  flow  out  into  the  space  behind  the  mortar  shell  once  the 

cardboard  has  been  pierced. 


Fig.  171  - Sketch  of  Arrangement  of  Mortar. 

During  loading,  the  mortar  .hell  i.  lo-ered  to  the  bottom  of 
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ce  3-  Tbe  PercuBSlon 

di8placiug  the  tbrOUgh  Tstr^es  the  »ri.«  P^  4, 

tbC  T7he  crVUSe  with  the  basic  chars  and  lgnitlon 

CaP  ° 4 tbe  bottom  of  the  bore  o connection, 

which  is  *1—  » tbC  char ge  tabes  piace.  » er 

o.  .»  “ ""  .<  - V„  ... 

... 

“**  «...  .. '»« "’"“"‘“r.rr.  “~ 

— - ~~  - — 

into  tbe  chamber  space  V ^ burning  of  a very 

Under  these  conditions  --  ^ ^ slabliirer  tube 

der  the  maximum  gas  pres  both  ,1th  respect  t 

P by  experiments,  very  sensiti  ^ cartridge  -Us, 

been  stio«n  y thic^>neSS  the 

— — ;rr:r 

and  with  respect 

. lhe  cartridge  -11*.  pressures  under  vhich 

piercing  8„aliJ»<l£I^  ^ e , large  scattering 

As  a result  of  . phere  K»y  ensue  a 1 i-£- 

eartridge  -alls  are  pieru  , slabili*er  tube. 

the  car tr  u,  pressure  in  wr  measure 

of  the  magnitudes  of  ~ , 1B  a mortar,  is  ** 

For  this  reason,  it  is  P composition, 

n that  importance  attache  ^ burolng  of  the  posder , 

* r..‘  — -“■■*  — ~ —r 

.....  •«  “•  C“'‘"u',„,o  ......  «>*”““  *•* 

....... ..  »■  ... — 

- . - - - — 

-..-fare  OX  v8*' 
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shell  is  large,  while  the  loading  density  of  the  basic 
respect  to  the  total  chamber  volume  W„  is  s.all  (A  - about  . > 

there  occurs  a large  loss  of  heat  to  the  .alls  of  the  bore  and  of 

the  mortar  shell,  this  loss  being  still  sore  accentuated  by  the 
slo.  motion  of  the  mortar  shell  and  by  the  long  interval  of  ti-e 
duriug  -hich  the  gases  ...»  in  contact  the  .alls  of  the 

— •«  ■“  7 „ 

motion  of  the  mortar  shell  proceeds  under  the  action  of  the  tota  g 

. hv  the  basic  and  additional  charges.  Owing  to  the 

pressure  produced  by  the  basic  an 

between  the  mortar  shell  and  the  walls  of 
presence  of  the  clearance  3 between 

f the  eases  will  penetrate  through  this  clearance 
the  bore,  a portion  of  the  gases  win  V 

. ♦ .ortar  shell,  and  consequently 

fro.  the  very  outset  of  the  motion  of  the  mortar 

their  energy  will  not  be  utilized. 

In  gas-regulator  mortars,  with  the  gas  regulator  open,  a con- 
siderable part  of  the  gases  also  escapes  through  the  gas  regulator. 

The  existence  of  a penetration  of  gases  through  the  clearance  between 
the  -ortar  shell  and  the  bore  and  through  the  gas  regulator  const! 
the  third  characteristic  feature  of  the  shot  fro.  a mortar  e 

coition  of  gases  through  the  clearance  and  the  gas  regulator^ 
accounted  for  on  the  basis  of  the  general  relations  of  gas  ynam 
A.  shown  by  slow-.otlon  photographs,  a considerable  par  o 
gases  1.  ejected  fro-  the  bore  of  the  mortar  prior  to  the  emergence 
of  the  -ortar  .hell  fro.  the  barrel,  which  is  accompanied  by 

.1  «»•  prl.olp.1  — •«  *»*  •**“•  B"*  °’  “* 

rtl.»  ».  *-  * 
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, ttv  to  the  mor  tar  shell  constitutes  as  much  as 
communicating  a ve  oc  ln  an  ordinary  gun, 

* .....  — «« - .......  ... 

“*  *“  ........  ..  .“  >“>  ““ 

The  fourth  character  is  practice 

,hp  inertia  of  the  projectile  may 

the  pressure  to  overcome  ^ ^ ^ ^ the  _ manner,  no 

be  considered  as  being  eq  overcome  friction  and 

energy  has  to  be  expended  in  a smooth 

to  rotate  the  mortar  shell.  lQternal  billllstics  is,  on 

Thus,  the  solution  of  the  ^ ^ ^ thc  pressure  to  overcome  the 
the  one  hand,  simplified  by  the  secondary  work  are 

.......  ...  ;iu„ 

assumed  to  be  zero;  on  the  ot**T ^ lDto  account  a greater  heat 

18  co-p:ri::::;x::  - — - - re8uiaior’ 

- - 

dy““1C8'  ordinary  mortar  resting  on  a base  plate, 

since  in  a shot  from  an  ordinary  mor 

Since,  m relative  weight  of  the 

_ _ t ica 1 1 y no  recoil,  and  the  relativ 

there  occurs  prac tic  r of  o 01-0. 02  with  a fu 11  charge ) , 

— *• — *-  ...  .. 

„ ........ » ^ „ ...  ............ .. ... 

To  ......  .....  80lutio.  .1  ...  1. n.......1  P..bl®. 

-T-rJir-. ..... ..  -*-■  - 

- — — - - — •* 
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2.  ANALYTICAL  SOLUTION  OF  FUNDAMENTAL  PROBLEM  FOR 
SMOOTH-BORE  MORTARS. 

(Simplified  Method  of  Professor  M.E.  Serebryakov) 

The  analytical  solution  is  based  on  the  following  assumptions: 

1)  There  is  no  pressure  to  overcome  the  inertia  of  the  projectile. 
The  mortar  has  an  annular  clearance  between  the  mortar  shell  and  the 
bore . 

2)  The  burning  of  the  basic  charge  in  the  stabilizer  tube  is 
not  considered. 

The  gases  of  the  basic  charge  flowing  from  the  stabilizer  tube 
into  the  space  behind  the  mortar  shell  produce  in  that  space  the 
pressure  pQ,  under  which  the  powder  of  the  additional  charges  is 
ignited.  Thus,  the  basic  charge  acts  as  an  igniter  for  the  ad- 
ditional charges. 

3)  The  ignition  of  the  additional  charges  is  assumed  to  be 
instantaneous  and  simultaneous  for  all  grains  and  for  all  points 
on  the  surface  of  every  grain. 

4)  The  burning  of  the  grains  of  the  additional  charges  proceeds 
in  parallel  layers  in  conformity  with  the  geometric  law  of  burning 
and  is  expressed  by  the  following  known  formulas: 

t - xz  +MX22 ; 

®-l+2  Xz. 

5)  The  rate  of  burning  of  the  powder  is  proportional  to  the 


pressure  (in  the  first  power): 

u - i* 

dt 


Jl*' 


where  is  the  rate  of  burning  at  p - 1. 
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t 


W?  & 


-jr — — — 

iP 


lip 


*•  Wing  here  already  greater  than  unity. 

The  quantity takes  into  account  the  esca 

through  the  clearance,  which  continues  In  the  second 

As  1d  the  first  period,  the  co.plete  escape  is  proportional 

*el1’  e8  .hich,  in  turn.  Is  proportional 

to  the  pressure  i.pulse  of  the  gases, 

to  the  velocity  of  the  projectile. 

x Ho  rewritten  in  the  following  manner. 

Equation  (37)  can  be  rewritten 


lK  ..  _ V 

sp(  l ^ + l ) " fcJ  *0  + 


2 

V ' a,2 


VK 


(38) 


where : 


Ik  " 


*>  A83Ik 


8 It# 


2 2£u># 


np 


-j  VAS.,1,, 


O — .VaI-  - --C  • 


8*1- 


S * 


le  divide  (33)  by  (38): 


dt 


vdv 


vdv 


+f  •• 


fu>  1 + "Xo  ” 2 


T7T2  .•  . ^ .i;  - » *r„>*  n 


»np 


or: 


dl 


vdv 


(39) 


I*  ♦!  »*  9 v2  ♦'V'  “^3 
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Integration  of  equation  (39)  gives: 


( 

I 


di 


s 2 /*  vdv 

8-  • ) V2  + 2V  • ^3 

VK 


(40) 


ii_ii 


( _SL_  . in  . 


• K 1 


(41) 


.e  find  the  integral  of  the  right-hand  side  by  first  resolving 
th.  function  under  the  integral  sign  into  the  si.piest  fractions  in 
accordance  with  the  -ethod  proposed  b,  Professor  Drozdov '•  _ ^ 

We  find  the  root*  of  the  equation  ▼ + "V  ‘ 1 3 “ 


^3 

2 


(:,v/r7%i 


**?  3 

11-.  j(lt 
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Upon  so 


ibstituting  the  expression 


(41)  and  (*2>  int°  (40)’  WC 


obtain 


or,  finally,  we  have: 


b-1 


tlon  taking  definite  values  lor 

,,  — — tb;  . - — - 

««■  *"  ..  1 = “*>* 


„ ♦ values  for  tne 

»«  find  first  the  vaiu  con- 

V > Vj,  we  xin  of  the  projectile  I . “P« 

corresponding  value,  lor  interpolatlon  or  graphically  the  va  ue 

«-  .»  o,  ...  ”™1*- 

T».  1.  **—-* 


(u  f1+XP~,*T~ 

. — ‘ 7*  T i 
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Results  of  Cosputa tlous 

»„lc  «... 


system: 
- 0 


0.720; 

10.20; 

s 

3.4; 

*0  " 

1.363; 

“>0 

679 -103; 

> 

o 

1 

7.48; 

xX 

0.15; 

0 

o 

1 

6.16; 

A 

K - 

1.255; 

A 

6 - 

1.64; 

. 0.0082;  f - 1 120 • 1C?; 

Clearance  * 

u>  - 0.0366;  a - O.od, 


Ik  - 55; 

P ‘ - 0 . 666 ; 

s 1 


AP  ’ - 0.004  . 
S1 


0.0608; 


Bl  - 0.2994; 


Computation  of  Constants 
- 0.04923; 


- 1.979; 


“ * rr:r«..  — — 

opening;  its  value  0.666  nas  ne 
Of  Greten;  ~ 1 ’ 

Computation  of  Constants 

B • - 0.5923; 

-n  - 0.04923;  B 

>0  * °-1192;  K 

U v - 0.02452; 

Bl  - 0.2694;  |t  - I-*"'.  * 

l B1 

B - 0.2483. 

PK 

« t - J - 0.700  dm;  Pr  “ Pm  “ 

The  elements  of  the  shot  are  l m k * 

- 398  kg/cs2 ; PD  - 48  kg/cs2;  *D  - 205.5  s/s  _ „ 

At  tbe  sase  constant,  and  • - 0.20:  Pg  " P.  392’  » 

- . escape  of  gases  through  the  clearance. 

In  the  absence  of  an  -cape  . 5Q  kg/c.2, 

- 0.20.  I.  - lX  * °”8  »K  “ ” 435  kg/C"  ' Pd 

” 211 '*  . -ions  are  found  to  be  close  to  the 

The  results  of  the  cosputation.  are  tou 

experinental  data  (P.  - 3B0-30O  and  v„  - 202-205). 
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the  results  of  the  computations  and 
The  best  agreement  between  the  results 

- r:r  “rrr. ~ - —— 

las  am he  it  possible  to  compute  wit  g 
derived  analytical  formulas  -the  P 

the  ballistic  elements  of  a shot  from 

aCCUr‘Cy  p vD)  and  to  construct  curves  for  the  pressures  of  the 

VK'  V“’  1 for  the  velocity  of  the  projectile  as  functions  of 

powder  gases  and  for 

its  path.  additional 

in  case  only  the  basic  charge  ~0  is  presen  ^ 

- - - — *■ 

""  smtssss1'' 


Data  for  82 


-aua  Mortar 


. ,4.3 

Chamber  volume  »0,  an  2 

Cross-sectional  area  of  «ortar  bore  s,  d.  ^ 

Cross-sectional  area  of  clearance  sclearance>  d* 

Coefficient  characterizing  shape  and  arrange.ent  of 

clearance,  V 
Escape  coefficient  A 

Length  of  psth  of  mortar  -hell  through  bore  1D>  - 
Weight  of  sortar  shell  q,  kg 
Weight  of  charge  w,  kg 
Weight  of  basic  charge  wQ,  kg 

C«l=...<  =>  =0-1""““  “ — — ’ ’ 

propslisnt  force  of  powder  f. 


0.720 
0.5277 
0 . 0082 


0.666 


10.20 


0.0366 

0.0072 


1120- 103 
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. - — u + to>*» 


f [\  + !i 


IHl  / „ 

"B"  / v - v3 


VVK  ' V2 


tlon  ta*ing  definite  values  for  v > V 
on  the  basis  of  this  equa  . then  the  correspond- 

.e  find  first  the  values  for  the  left-hand  side,^  ___  . diagraB 

ing  values  for  the  path  of  the  ^ value  of  vD  corresponding  to 

.e  find  h,  inter polat ion ^or^grap^  ^ the  co.putaiions  once 

the  value  of  l D*  asx  * 


■ore  at  v • VD*  ( * v and  v„  by  their  expressions. 

Or  else,  replacing  in  lor.ula^  . 1 ^ ^ ( ^ ^ aid  of 

”^2  (1  + b)  and  v2  - — ' 
i.e.,  V1  2 

the  following  formula: 


I-  * U> 


+ _i  (b  + 1)  b 

2 

.1*  (b  + l) 
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m-r  - ■ 

mP  ■■ 


% 
m • 
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Computation  of  constants  (with  a 50-cm  slide  rule): 

f „u»  679,000-0.0072 

*0  * “ « " 0.1192; 

fw  1120. 103. 0.0366 

s*  » s - 8 . - 0.5277  - 0.0082  - 0.5195; 

c learance 

s * 1 0.5195.55.98.1 

& 824.5; 

<f  m 3.4 

<->f  0.0366*  1120- 103 


0.5277 


- 77,680; 


W2  2 2 / 

fwT"  \0. 


I*  / 0.5195  \2  0.52772 -552*98.1 


- 0.5747; 


5277  J 1120. 10°-0. 0366*3. 4 


* B ' 6 x,  0.5747*0.15 

B.  - £-^  - xX  (-0.255)  - 0.2952; 

1 2 2 


s B*  0.5277  0.5747 

A_  - . — r - . - 1.016- 1.947  - 1.978; 


8 * B1  0.5195  0.2952 


Yk  - <;*  -A*  *clear«nce* " 0.666.0.0060*0.0082*55  - 0.00003277-55 


- 0.001802; 


- — 

( K u> 


Yr  0.001802 


0.0366 


- 0.04923; 


k1  • * - - 1.255  - 0.04923  - 1.2058; 


954 


- > 
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For*  for  Coaputation  of  Ballistic  Eleaents  ty,  v,/,  and  p)  for  First  Period 
(Coaputation  with  50-cm  Slide  Rule). 


Basic  formulas 


No*  Operations 


End  of  burning 

1.0 


■’I. 

v - z - 824.5a 

} <f” 


2 v,  da/ sec 


247.3  412.2  577.2  742.0  824.5 


- 0.2448 


X - 1.255 
XX-  >0*255 

^ - xz  + xXz2 


3 

e - z 

“i 

0.07344 

0.1224 

0. 1714 

0.2203 

0.2448 

4 

Xz 

0.3765 

0.6275 

0.8785 

1.1295 

1.255 

5 

(♦)  XXZ2 

-0.0229 

-0.0637 

-0.1249 

-0.2066 

-0.255 

6 

+ *X*2 

0.3536 

0.5638 

0.7536 

0.9229 

1.000 

7 

1 - * 

0.6464 

0.4362 

j 0.2464 

0.0771 

0 

8 1 - IK.z 


16.5  27.5 


VAs  , - 0.0  3277 

' clearance  4 


9 Y - VA*' 


c learance 


- - 0.02232; 

8 

W0  - 0.720; 


7*  - j [’o  -f  • <l  -+1 

- a(u+  - T)  - 0«gj 
V m a(w^-  Y)  4-  y ♦ 

(1  -*)  + «c^o 


10 

11 

(-) 

1 Y 

12 

- Y 

13 

a(^i  - 

14 

" (1-*) 
S 

15 

. ao“o 

16 

r 

0.0354 

0.0390 

0.0^126 

0. 02 162 

0.0129 

0.0005 

0.0206 

0.0009 

0.0276 

0.0013 

0.0338 

0.0016 

0.0124 

0.0197 

0.0263 

0.0322 

0.0105 

0.0167 

0.0223 

0.0274 

0.0144 

0.0097 

0.0055 

0.0017 

0.0061 

0.0061 

0.0061 

0.0061 

0.0310 

0.0325 

0.0339 

0.0352 

0.0366 

0.0018 
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- a - 0.8ft; 
• 0*02233; 
»0  - 0.720; 
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13  ( a(u+  - Y>  °-0105  °-0167  ° 


14  (+)|S  (1-+) 


0.0105 

0.0167 

0.0223 

0.0274 

0.0296 

0.0144 

0.0097 

0.0055 

0.0017 

0 

0.0061 

0.0061 

0.0061 

0.0061 

0.0061 

0.0310 

0.0325 

0.0339 

0.0352 

0.0357 

- f • r*>  - 

B<w>V  - 7)  - O«0J 
. a(c*^-  Y)  ♦ — • 

(1  -'V)  ♦ a(f*0 

Z~l  from  table  on  page 
* non  t**4  the  oriel- 


17  »0  - » 


• wo  “ * 

18  l - 

Y s 


from  table  on  page  log  z~^ 
200  (of  the  origi- 
nal - Editor) 


0.6890  10.6875  jo.6861  \o.6848 


1.306  1.303  1.300  1.298 


0.01813 |0.O3663  0.05759  U. 08047 ] 


• 0.02419 
- - 1.9^8 


*»*n  + v- M 


' - 77.680 


20  Aglog  2"1 

21  Z-Aa 

22  l * * 

(t)](Z-A»  -u 

23  1 ^ 

24  1 + t* 

25  , , Xo 

26  (+>|^ 

27  . , X0  + “l 


29  X0  * ki*  ‘ Bl* 


30  P,  kg/cn2 


0.1139  | 

0.1592  1 0.1835 

1.300  ^ 

1.443  1-526 

U.390 

0.5750  0.6822 

1.300 

1.298  1-297 

1 .690 

1.873  1.979 

0.1192 

0.1192  0. 1192 

0.8440 

1.0852  1.2058 

0.9632 

1.2044  1.3250 

0.1446 

0.2391  0.2952 

0 . 4543  0.6483  0.8186  0.9653 

249.0  327.0  376.0  |400-0 
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The  results 


of  the  computation 


are  presented  in 


Fig. 


172  . p-1  and  v-f  Curves  for  Mortar 


1) 

for 


kg/c-2;  2>  P 
g2-mm  mortar; 


and  v- l curves 
3)  s/sec . 


rig- 


172 -a  - P-  l *nd  T" 
Various 


t curves  lor  Mortar  with 
Charges . 


1)  kg/cs? ; *) 
des  igna  t ions ; 


m/sec;  3) 
4)  charge 


nos. 
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^pf 


_ . i B O R ^ 

■ GUSs  with  conica 
„ „ thelve-0"11 
SECTI01'1 

IHTRODUCT IOE  eiperl.ental  model* 

, bore  had  been  proponed  as  expert. 

— wit.  * conical  bore  ^ ^ ^ ^ the  Oernan 

as  tar  back  a.  the  1870'a.  ^ # rlfl.  ,lth  a conica 

engineer  Berlicb  conducted  — * an  lnltial  bullet  velocity 

bore.  lo  - tests,  there  ^ yeloclty,  as  a result  ot 

that  -as  considerably  higher  t increased. 

-hich  the  ar.or-pierclng  ettect  _ _ -ade  in  the  Geraan 

I.  -e  course  ot  the  Second  _ eBployed  princi- 

« ft f various  caliber  , antitank 

ar»y  ot  conical  gun  folio-ing  *uns  -ere  used: 

Pall,  as  antitank  artillery-  ^ ^ ^ caliber  Ua/20>. 

n -itb  a 28-u*  entrance  call  er  antitank  gun  ot  the 

gun  "Itn  » */sec;  a 4 if** 

4 a nrolectile  velocity  ot  1 l250  ./sec), 

giving  a pr°J  „ar leal-conical  gun  (-D 

....  riIw.  •*  *;* 

.....  — “ „„ .... ...  «.-«“•  ’5/55'  ”* 

. a smooth  conical  P*1  4.-tile  had  tao 

type,  tollo-ed  by  caliber.  The  project i 

e.ooth  cylindrical  end  piece  ot  S*  and  ^ thicker  rotating 

a thinner  directing  band  in  nrolectile  tor 

Bklrt  bands:  *1  tbrouBb  the  ar.or-piercxng  proj 

band  in  the  rear. 

the  75/85  gun  1-  — 10  ^ prlnciple  analogous  to  tiring 

Firing  tro.  a " projectile.  For  this  reason, 

tro.  an  ordinary  gun  -itb  a llty  of  increasing  the 

- -U  -cuss  at  the  lt.  -eight  through  a transition 

velocity  of  the  projectile 
to  a subcaliber  nod.l. 
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Fig.  173  _ Armor-Piercing  Projectile  for  75/55  Conical  Gun. 

In  recent  years,  and  especially  during  the  Great  Patriotic  War. 
attempts  have  been  made  to  increase  the  armor-piercing  ability  of  the 
projectile  by  increasing  its  velocity  through  a reduction  in  its  weight. 

Let  us  determine  to  what  extent  the  velocity  of  a projectile  in  a 
given  gun  will  change  at  a predetermined  maximum  pressure  p^  if  the 
velght  of  the  projectile  q is  changed. 

For  an  ordinary  projectile,  let  us  designate  its  weight  as  q^,  its 
initial  velocity  as  v^,  the  pressure  impulse  of  the  powder  as  I*.  and 

the  thickness  of  the  powder  as  2e1  - Ig'2ui4  Lct  the  new  »elSht  °*  thC 
projectile  be  q"  < q’;  the  problem  is  to  determine  the  changed  velocity 

VD" 

We  have  the  simplest  case  by  accepting  the  conditions  that  p„  and  A 
(or  <->)  remain  unchanged. 

From  the  formula  for  the  second  period,  we  have: 


a* 

,-p.  - 1 


(A  + 1 - «A) 
JC 


(An  + 1 


ad) 


B« 

1 (l  - *0> 

2 


1 ** 

t .1 

+ 1 - 


(43) 


ad) 


Sgfu 


where; 


A and 

the  values  for  P**  ^ ' 

— - rr:ir:r.~ — • **•  •“* 

we  have  B and  AK  - cons  * unchanged  (r^  - const). 

- * *'■;  ■* — **• 

Consequently,  discarding 

following  correlation.  t44) 


* la  + 


I QVd  “ const, 


fron  which: 


*'<T  ^ a * b 

q"  a + b 


X u 

Bt  l8  equivalent  to  the  condition: 

The  condition  144)  at  u)  - con 

-«n«-  conBt’ 

a + h « increases  as  the  weight  of  the 
and,  since  the  quantity  f tfcc  ..posed  conditions 

projectile  decreases.  It  toll°w»  • ^ coefflcient  of  utilisation 

of  ■aintalning  P„,  A * “d  “ C°"  .lth  the  lighter  projectile 

of  the  charge  *V  -lU  «-  * 

than  with  the  ordinary  projectile. 
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From  the  condition  B • const,  we 


obtain  the  following  additional 


condition: 


It  follows  from  (46)  and  (47)  that: 

vd  - 4 vd  - const- 

The  formula  makes  it  possible  to  select  the  weight  of  projectile 
necessary  to  obtain  in  the  given  gun  the  retired  initial  velocity 


will  V change  as  the  light-weight  project 


ile  is  adopted? 


Q__  1.15 

XCT 


C const 

1 . 


P being  the  coefficient  of  secondary  action  of  the  gases. 

We  change  the  weight  of  the  projectile,  retaining  ~ - const. 
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B 


>»  * ***  cp  — l#*o. 

_ 1000  ./sec  at  u>/q  - 0.45.  I*  *f  " * 3 q’ 

lectlle  With  a weight  coefficient  c 
we  adopt  a light-weight  projectile  wit 

,,  * rto  l ,1  .0.90  • 1.33. 

, s - i c'.  Then  *•>/ <l"  ” 0.90,  H*  3 


„ /l . 18  15-0  _ 1000-1.33  - 1330  n/sec . 

v - 1000  \ / • _ , 

D V 1-33  7.5 


If  "V  - 130,  then: 

“V  - 130 


1.18  _ H5.3  tm/kg; 


t"  L-  - 0.752. 


. waived  the  velocity 
the  weight  of  the  projectile  is  h » 

ThU8’  * _ bv  331  and  the  thickness  of 

«-  — — consideration  increases  * ^ 

the  powder  decreases  by  25%  (the  sase  P lt  is  possible 

- : rr-f r.  — ■ - — * - 

to  determine  the  weign^. 

det.r.loed  wQ  la  8U"- 


pro.  tbs  condition  (45).  -e  b.we: 


aq1  + bo 


a + b iL  q"  •<»" 
q 
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aaa . - 

PROPERTIES  OF  BARREL  Wljn 

d r t„  slowly  lose  velocity  in  «li.«.  a projectile  must  be 
in  order  possible  weight  coefficient  cq  - 

„ * -a  must  have  the  greatest 

-heayy  i.e..  In  order  to  attain  a predetermined 

- q/d3  or  transverse  load  q.  • ^ ^ possible,  a pro- 
initial velocity  in  the  bore  after  as  possible  weight 

jectile  must  be  "light,"  i-e.,  must  have  the  smalle 


i r: ::;r 
*•  ",h  * zz\ "i  ».»■  — *■«  <■»  »■ 

“*  *•  *• t ... . .....  - — « 

"“”r' : " t: « c’»  ■ 

having  with  respec  3 L it  is 

. c/d3  and  always  retaining  it  smaller  than  * % 

° acauire  a predetermined  velocity  vQ  after 

>»•  ot  ....  ...«»<  i.  ■ 

. .»«*«'  •*“  ‘ P'°J“  c.11Ber  »,  ... 
cylindrical  bore  -1th  a caliber  dD  equal  to  t e already  have 

w hut  as  this  projectile  is  ejected,  it  wli 

conical  bore;  but.  as  P ^ t#  t„.  exlt  caliber 

a large  weight  coefficient  c„d  <1  D 

...  ..  — « ‘“i1;  .. « 

- " - - prob  , :r.i ». — ..  ■ — — 

“1U,,1C  ‘”OP’r“"  ",'“1  „Ul„.  firing  . prnl.=  U>. 
of  cllndrlenl  gun*  »1  d 

. .....  **..»..  - — — “ “ *;h  ... 

- * — - **  ...  - v 

cn......  « ’ b„t„  , in  cnllbur*. 

...  !...«.*  »1  «-  »«*  hm  ...  C.11B„  p,n- 

..g  ...  ...  *-*»  ” ■ e „„  ...  .b.olul. 

portlonnl  « pr.j~.U-~- «“*  “*'“Cl  »’ 
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nm 


«uantities  are  proportional  to  the  values  for  q/» 
values  of  the  sa»e  quantities 

(transverse  load).  . u „ for  cylindrical 

The  fundapental  relations  of  internal  ballistics 

bores  give: 


!kh  . !° 


SI 


- + OA 


1(1  - r * > 


or: 


l'kh  _ Jo 


K(p„,A) 


4 aA 


(1  - r’>* 


The  expression  enclosed  in  bracket,  equal.  A D - ^ 


*0 

d 


w 1 q 


sd  ’ nsd3  " q n„A  d3  q nsA 


t ed  P v -<1  * . «"  expression  in  the  bracket. 

At  predeter-ined  P-.  V . . con8equently, 

j j / 4s  proportional  to  c . 
is  a constant  quantity,  and  !</<*  is  p q 


is  a constant  quan^ivy,  — ‘O' 

L“  iU  . i 1 — - - T N)  "*  “ 

both  ~r  T n>  ) d d i i 


the  quantity  c 


Since: 


» — -•  - ~—-4 

- •*  • — * 

the  relative  pre»a«re  l*P*l»*  *• 


971 


STATt 


,_ht  o 1 the  projectile, 

co«iticient  cq.  llber  of  » 8un  at  * Rive“  to  ensure 

«.  *"  “ ‘ ..  <»•  ^’d-r  " ’ ... .... 

1 /d  and  the  thin  esence  of  the 

tbe  smaller  « V pressure  P.  « «* 

attainment  of  the  same  maxi 

, the  absolute  values  of  l0-  D’ 

Z~:~-  rrr  ~ ~ ™r:r 

^ The  relation  between  cq 

will  be  expressed  as  iollows:^  ^ ^ 


| 

l 


I 

V. 

?' 

? 


■&  )• 

, 40  it  follows  that: 
, . /d  . 1.35-1.4°* 

slDce  usually  d^ 

a \ 3 


3 o *7  5 . .2 .46; 

-C1.40..-1-35’ 


1.96...1-825 


_ 0.363-0.407; 


„ 0.51-0-55' 


\°  ' . oI  a given  weigh*  will 

. »0 

- ir:--- 

- path  near xy 
after  traversing  a pa 

gun  of  caliber  V the  bore  voltes  and  « * 

At  s giv»  chamber  volume,  and  v-A  curve. 

, at  a given  P > 

A„  ..n  ~ 

coincide . 


972 
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<r* 


If  now,  while  retaining  the  weight  of  the  projectile,  the  chamber 


and  bore  volumes,  and  consequently  alsoAp  - Wp/W Q constant,  a gradual 
transition  is  aade  in  cylindrical  guns  from  the  larger  to  the  smaller 
caliber,  the  lengths  of  the  chambers  and  bores,  as  well  as  the  weight 
coefficients  cq,  will  gradually  increase.  Since,  in  this  connection, 
A,  q,  «->/q,  Pm#  and  VD  remain  the  same,  it  follows  that,  for  such  cy- 
lindrical guns,  the  v-A  or  v-W  curves  coincide  not  only  for  cq^  and 
c , but  also  for  all  intermediate  calibers  and  cq. 

D This  is  a fundamental  property  of  ba Hist ica lly  similar  guns  of 
different  calibers,  which  makes  it  possible  to  explain  the  properties 
of  the  v— l and  p- I curves  for  a conical  barrel. 

As  a matter  of  fact,  in  a conical  barrel  of  the  same  volume,  with 
the  same  chamber  volume,  and  with  the  same  value  for  AD  - there 

is  accomplished  a continuous  transition  from  a cylindrical  barrel  with 
the  initial  entrance  caliber  dQ  and  cq^  - ^3  to  a cylindrical  barrel 


q/d^.  Since  there  has  already  been 


with  the  exit  caliber  dD  and  cq 
established  the  Identity  of  the  curves  for  the  velocity  of  the  projectile 
as  a function  of  A - »/»0  for  all  cylindrical  barrels  with  gradually 
diminishing  calibers,  it  is  possible  to  conclude  that,  at  a given  weight 
of  the  nrolectlle.  the  velocity  curve  v-A  for  the  conical  bore  at  the 


will  coincide  with  the  Base  curves  for  all 


projectile, 

same  A,  <*»/q#  f » P, 

cylindrical  barrels  of  various  calibers,  but  having  the  same  volume^ 

This  is  one  of  the  fundamental  assumptions  made  by  us  with  regard 
to  the  ballistic  properties  of  s conical  bore.  At  the  same  volume  of 
the  bore  and  of  its  working  part,  its  length  is  smaller  than  the  length 
of  a cylindrical  bore  of  caliber  dD  and  greater  than  the  length  of  a 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


f caliber  a . This  is  clear  fro-  the  .Ketch  presente 
a i— liar  bore  of  caliber  Q 

in  f iK*  l74* 


FIB*  174  - SKetch  Of  conical  and  Cylin 

1X1  be  shown  subsequently,  the  pressure  curve 
As  will  be  show  coincide  with  the  pres- 

b~e  as  a function  of  relative  volu-e.  re*ch- 

the  sa-e  bores  having  a cylindrical  shap 
sure  curve.  curTe  wlXi  be  disposed  higher  than  the  p-A  curve 

i»g  the  -axi-u«,  ^ tbe  end  of  burnlng  st  the  sa-e  -axi-u- 

.. ...  — * — — - - 

one: 

AKcon.<A*cyl* 

x desi«atiors  anb  geometric  characteristics  of  conical  BORE. 

d0 

Entrance  caliber 

dD 

Exit  caliber 

Angle  of  conicity 

Length  of  path  of  projectile*.  >D  ^ d0  _ fj 

Total  length  of  cone ***  “ D d0  “ *0  3 

Total  volu-e  of  coo.  to  apex..  »co«. 

.....  of  working  part  of  cone.  *D 
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Sine,  we  shall  subsequently  adopt  A - »/*0  independent 

variable,  we  find  as  a function  of  the  latter: 


con . 


where  Acon  - "co„/'V 

The  regaining  quantities,  as  previously,  are  expressed  in  teres 


of  y: 


1 


t m hKU  ” y)  ; 8 


y + y 


The  system  of  equations  for  the  conical  bore  differs  in  no  way 
externally  fro,  the  equations  for  the  cylindrical  bore':  only  the  value 
for  the  cross-sectional  area  s entering  into  the  equations  is  variable, 
and  this  complicates  the  solution  of  the  problea. 

For  an  exact  solution,  it  beco.es  necessary  to  resort  to  the 
.ethod  of  numerical  integration  or  resolution  into  a series. 

However , the  coincidence  of  the  projectile-velocity  curves  as  a 
function  of  A for  the  conical  and  cylindrical  bores  makes  it  possible 
approximately,  but  with  a sufficient  degree  of  precision,  to  solve 
the  problem  for  the  conical  barrel  in  the  final  for,  by  introducing 
an  average  value  for  . (which  is  possible  in  the  presence  of  a slight 

coniclty)  . 

In  this  connection,  ~ take  for  comparison  a cylindrical  barrel 
with  a caliber  equal  to  the  entrance  caliber  dQ  and  with  the  same 
ays tea  characteristic*: 

W0,  wD,  q,  A.  <p»  ig.  Po- 


sts 
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Safe 


Let  us  write  down 

spdt  - <?■<** 

de  - uxpdt  

p(W^  + »)  - fw+  ' 

Solving  (3>  *ith 


, ont«i  relations, 
of  fundamental 

the  system  ox 


a 2 

<p»v 

2 

A/.t  to 


(1)  Equation  ol  -otion; 

(2)  Law  ot  burning  rate; 

(3)  Equation  ot  transf orsation 
..h  introducing  A and  A^y» 


of  energy 
we  obtain: 


(49) 


where : 


^0  1°  cot  p. 


.*&0«  *****  <° 


r0 

«.  I-  <•<  !■■>■>*  *“•' 


p ox 

- i we  obtain: 
wud  (2),  aa  usual,  * 


Vroa 
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in  contrast  — the  cylindrical  barrel  in  ™ ^ 

variable  which  is  not  directly  connected  wtt  * cur,es 

. of  the  coincidence  of  the  v 

property,  assumed  above,  andAn«akes 

» ~ — - — 1 r.«  - 

it  possible  to  esta  cylindrical  barrel 

«.  - - > - — "“‘f  ” ' L „ 

» - “•*  — <5o>  tB*  — 

, s integrating , and  taking  s,  8Q 
cross  section  a„  average  value,  we  obtain: 

outside  the  integral  sign  in  the  for. 

_ x 151) 

cp»  »0 

, 4 tw  the  sane  cross  section  sq*  *e 

Tor  the  cylindrical  barrel  with 

. relation  (in  which  all  ele.ents  are  -arked  by 
have  the  usual  relation 

sOIK  x. 

V * - x » 

..  in  the  preceding  equation.  Since  for  a 
T and  1 being  the  »»»  »*  in  the  p 

given  value  oi  A * 


it  follow*  that: 
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It  is  seen  from  this  that,  at  one  and  the  same  value  of  v for 
the  conical  and  cylindrical  bores,  and  at  the  same  values  of  I*  and 
<*>,  the  relative  thickness  of  the  burnt  powder  * for  the  conical 
barrel  is  greater  than  the  corresponding  quantity  x'  for  the  cylindrical 
barrel:  x > x'.  Consequently,  on  the  basis  of  formula  (49),  there 

follow  the  relations  stated  below. 

(a)  For  a conical  barrel  with  a variable  cross  section  from  s0 


to  sD: 


(b)  For  cylindrical  bores  with  a cross  section  s0  - const  or 

. V2 

sD  - const:  * " 

„•  - fft  — r X- 

Ar  " A 

Since,  fros  (52),  x > x';  fro.  (•),  ^ and  »»<l  v " 

- v*  and  A - A' ! it  follows  that  P>  P’- 

We  obtain  the  following  fundamental  conclusion,  which  characterizes 
the  ballistic  properties  of  the  conical  barrel:  under  identical  loading 
conditions  (»0,  u,/q.  A,  V*  *»<■  presence  of  identical  values 

for  the  working  volume  W and  the  projectile  velocity  v.  the  burnt  part 
of  the  charge  * and  the  gas  pressure  are  greater  in  the  conical  barrel 
than  in  the  cylindrical  bore  with  the  cross  section  s„.  The  difference 
is  the  greater  the  greater  the  conicity  of  the  bore. 
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Fig.  176  - p-«  Pressure  Curves  for  Conical  Bore. 
Consequently,  under  loading  conditions  identical  with  those  in  a 
cylindrical  barrel  with  the  sase  «0.  »D,  and  s0,  the  gas-pressure  curve 

. „.,d  barrel,  «*  «•  

cbrr.„.r  1.  «.  .««»■  »*"*U  — 

in  the  former  i*  greater  than  in  the  latter,  the  end  of  burning  of  the 
powder  will  occur  in  the  forwer  sooner,  at  a saallerAg,  than  in  the 

latter . 

« RELATION  OF  POWDER  THICKNESSES  IN  CONICAL 
‘ AKD* CYLINDRICAL  BOBES  UDDER  EQUAL  MAXIMUM 
PRESSURES . 

It  has  been  shown  that,  at  identical  entrance  calibers  dQ,  under 

identical  loading  condition.  (A,  -/«.  V “d  “ -«“itUde8 

of  the  pressure  i.pul.e  I*.  the  gas  pressure  in  a conical  bore  exceeds 

that  in  a cylindrical  bore  because  of  an  increase  in  the  burnt  part  of 
th.  charge  * - *0  ♦ x.  And  since  the  ballistic  properties  of  the 
barrels  -ust  be  cospar.d  at  th.  identical  -«i-u-  pressure  P.,  it 
follow,  that.  Without  altering  the  other  loading  conditions,  it  i. 
po«ibl.  to  obtain  identical  pressure,  in  both  bore.  a.  a result  of 

a change  In  the  i»pulw 


I 
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T::r  r;r,.r ::::::  - ■ - — 

For  cyllndr ical  B from  which: 

♦ „t«en  P and  & > ®0  D 
lt  the  projectile  end  at  given  P. 


®0IK0  " "O' 1KD" 


The  greater  the  caliber  the  s»a  K 


— - y2^ 


XKD  * l*° 


"ILU  v 

, for  the  conic4^ 

-hall  lie*  tbe  rel,ti°“  betwee°  * 

To  -tart  -ith.  **  , ol  caliber  V - dC' 

barrel  and  IK0  “>*  the  clindric-  ^ ^ function  of  v in  the  conical 

ter.lne  ho,  the  du.ntitle.  * and  * : ^ ^ 

and  cylindrical  barrels  if  the  ca  0 

ror  conical  Barrel 


For  Cylindrical  Barrel 


8oxk  b_ZL. 


nd  - /•«  decreases,  the  difference 

v increases  and  a**/  0 

In  thi*  connection, 

«row»  uninterruptedly-  , . v t*  the 

x - x grow  function*  o!  »•  x 

IO  “«•  177’  *’  * “*the  curve  o’a*  with  the  -a-  tang.ut  o’b* 

at  the  etart  of  -otion  of  the  pr 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81-01043R001 100040001-0 


Fig.  177  - Dl.gr..  Ol  Variation  of  x in  Conic.l  and 
rig*  Ordinary  Bore*. 

For  . given  v.lue  of  v^  .t  ldentic.1  values  of  A.,  > V +m> 

_ . it  necessary , by  changing 

/ p > p*.  In  order  to  obtain  P.  - P».  “ is  nec 

........ » — - — — *«  - ‘■t“ 

...  <°.  **a  •=“‘“i  “p"  *“  ** 
fro*  0 to  v*  . 

U,t  u.  consider  a po.der  -1th  a constant  burning  area: 

S'  - +0  + *• 

It .. ... ......... .. ... ....  >»•  «*—*  •*  “•  °*  “°7„ 

., ... ..... ............. “ * 


of  fact: 


dx  d*v  m d*  51 

dv  dv  dt  d» 


Consequently: 


dt  «?» 


*£  _ IS  $X.  - Sir  , 
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where: 


r - — g . 


For  this  reason,  for  a powder  with  a constant  area  of  burning  V - l/\, 
dx/dw  for  a conical  barrel,  s decreases  and  dx/dv  increases. 

We  impose  the  requirement  that  the  average  value  of  dx,  dv  along  the 


segment  from  zero  to  be  equal  to 
barrel.  Then: 


d* ' - a for  the  cylindrical 


dv 


Vko 


*f  m 


vpm 


Cm) 


and 


*ko  t2t' 


8mv.  XIC 


Sf,I 


0**0 


where  s ™ is  the  average  value  for  the  cross  section  of  the  conical 


i .e . 


to  the 


bore  from  the  start  of  motion  to  the  attainment  of  v; 
attainment  of  p^.  Since  is  known  on  the  basis  of  the  course  of 
the  w*  - A’  curved or  the  cylindrical  barrel,  it  is  possible  to  de- 

ter mine: 

Cm) 


1 - 


vcon. 


Thus: 


. . , .,<•>  - i !e  _!s 

lK  XK0  y „ .(• 


ForAcon.  “ *bOUt  6 °: 


).6,  y(,)  - 0.97; 
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^0  _ i.96;  IK  - 1K0  _1_^1.03Iko;  Ik  - 1.03 

8d 


T^ko  - 0527W 


For  A ~ 10: 

con. 


y - 0.983. 


Consequently,  In  order  to  obtain  an  identical  saxi.us  pressure  PB, 
the  thickness  of  the  powder  in  the  conical  barrel  (dj/dp  - 1.4)  mist  be 
a little  greater  (by  3%)  than  the  thickness  of  the  powder  for  the  cy- 
lindrical barrel  of  caliber  dQ,  which  is  equal  to  the  entrance  caliber 
of  the  conical  bore. 

It  eust  be  considerably  thinner  (by  nearly  50%)  than  the  thickness 
of  the  powder  for  the  cylindrical  barrel  of  caliber  dD  (at  the  sase  *0, 
A , and  u>/ q) : 

XK0  < ‘k  * *KD- 


For  this  reason,  it  is  erroneous  to  cospare,  as  is  sosetises  done, 
a conical  barrel  and  a cylindrical  barrel  of  caliber  d„  with  the  sase 
powder  thickness  selected  for  this  cylindrical  barrel;  in  this  case, 
the  saxinus  pressure  in  the  conical  barrel  will  be  obtained  several 
tiaes  lower  than  in  the  cylindrical  barrel,  and  the  powder  will  not 
ty«D  burn  to  thi  end. 

3.  RELATION  OF  LENGTHS  OF  BARRELS  WITH  CONICAL  AND 
CYLINDRICAL  BORES. 

Since  the  projectile  is  ejected  from  the  conical  bore  while  having 
a caliber  dD  at  a normal  cqD,  which  ensures  its  attaining  the  prede- 
termined range  and  speed  of  encounter  with  an  obstacle,  the  ballistic 


lcal  barrel  should  he  co.pared  with  those 
aracteri.tlc.  of  the  conics  iB  e<lual  to  the 

r . c,lindric.l  barrel  hsvin*  - caliber  V 

:it  caliber  of  the  conical  bore.  TOrklng  volu.es  of  the 

At  p-’ an  D* 

»“  *»  -1”  “ t1,—  *“  •*  “• 

«*  “ io ...  ••  ~u“r 

in  the  conical  bore  and  D 

V ,lity  of  .orking  volu.es  «0.  - bave: 

gro.  the  condition  of  equality 

i ♦ yD  + yD  , 

,(D)  . _ ? t D 

*D  “ BD  d 0 3 


s 3 l(  P)  3yp- 

_ ,(D>  !D  - D 

'»  0 A 


i * yD  + yD 


the  length  of  the  conical  bore 
lative  diainution  in  the  le  g 
The  relative  di«x  l + y - Sy2 


,(D). 

«tD  _ lJD 

(D)  “ ,CD) 
D 0 


i + yD  + »d 


the  ratio 


% !! 

d„  “ 2° 


. 1.4: 


7d  - 0.715;  y*  - °-5U; 


Ip  t T1S  - 1.0«  . 0.311.  or  31.1*- 
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R 


ySi-i? , ' ■ 


dO  . Z£  - 1.362". 

d 55 


SI, 


1.734  - I.*"8  _ - 0.2885.  or  28.9%- 


CD)  1.734  + 0.539 


2.273 


. the  dif *erence 
th.  length  of  the  conical  barrel, 

*lth  reSP°Ct  t0  iBg  lengthening: 

ln  length  .iU  .1"  the 


5,D 


AD)  _ 


D 


• (D) 
D 


L 


fCK) 


A*> 


- 1 


For  28/20: 


for  75/55: 


SlD  ° 656_  . 0.405,  or  40.5% 


30.539 


'-.1.-  *<  *"  4.  "/•»•  ■ ““”1 

dA  - * *’  .•  .«!•**«  **““  V “ 

. ... - - — * " « — - - ““  * 

.«  p*«  •«  *“  "w*c 


wn»  and  "iLH* 
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thickness  reduced  in  the  following  ratio: 


The  reduction  In  length  constitutes  the  principal  advantage  ofa 
conical  barrel  In  comparison  with  a cylindrical  barrel  at, equal  exit 
calibers.  This  advantage  possesses  particular  importance  at  high 
initial  velocities  of  the  projectile,  when  an  excessively  great  length 
(about  150  d)  is  obtained  for  the  cylindrical  barrel,  which  makes  the 
gun  inconvenient  for  combat  use  and  for  transport.  Moreover,  great 
length  combined  with  a small  diameter  results  in  sagging  of  the  barrel 

and  vibration  during  firing. 

4.  CONSIDERATION  OF  SECONDARY  WORK  IN  CONICAL  BORE. 

The  comparison  between  the  ballistic  characteristics  of  the  conical 
and  cylindrical  bores  presented  above  was  conducted  on  the  assumption 
that  the  coefficient  <p  , which  takes  into  account  the  secondary  work, 
is  identical  in  the  two  cases.  As  a matter  of  actual  fact,  the  gun 
with  a conical  bore  has  a number  of  features  which  reflect  themselves 
in  the  magnitude  and  character  of  the  secondary  work. 

The  principal  features  include  the  following: 

(a)  The  motion  of  the  charge  gases  and  of  the  as  yet  unburnt  part 
of  the  charge  takes  place  in  a bore  with  a cross  section  which  continu- 
ously decreases  in  the  direction  of  motion  of  the  projectile. 

(b)  There  occurs  a continuous  deformation  of  the  rotating  bands  of 
the  projectile,  which  causes  an  equally  continuous  increase  in  the 
resistance  forces  until  the  projectile  passes  through  the  minimus  cross 
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thickness  reduced  in  the  following  ratio: 


The  reduction  in  length  constitutes  the  principal  advantage of  a 
conical  barrel  in  comparison  with  a cylindrical  barrel  at  equal  exit 
calibers.  This  advantage  possesses  particular  importance  at  high 
initial  velocities  of  the  projectile,  when  an  excessively  great  length 
(about  150  d)  is  obtained  for  the  cylindrical  barrel,  which  makes  the 
gun  inconvenient  for  combat  use  and  for  transport.  Moreover,  great 
length  combined  with  a small  diameter  results  in  sagging  of  the  barrel 

and  vibration  during  firing. 

4.  COMS 1 DERAT  I ON  OF  SECONDARY  WORK  IN  CONICAL  BORE. 

The  comparison  between  the  ballistic  characteristics  of  the  conical 
and  cylindrical  bores  presented  above  was  conducted  on  the  assumption 
that  the  coefficient  <p  , which  takes  into  account  the  secondary  work, 
is  identical  in  the  two  cases.  As  a matter  of  actual  fact,  the  gun 
with  a conical  bore  has  a number  of  features  which  reflect  themselves 
in  the  magnitude  and  character  of  the  secondary  work. 

The  principal  features  include  the  following: 

(a)  The  motion  of  the  charge  gases  and  of  the  as  yet  unburnt  part 
of  the  charge  takes  place  in  a bore  with  a cross  section  which  continu- 
ously decreases  in  the  direction  of  notion  of  the  projectile. 

(b)  There  occurs  a continuous  deformation  of  the  rotating  bands  of 
the  projectile,  which  causes  an  equally  continuous  increase  in  the 
resistance  forces  until  the  projectile  passes  through  the  minimus  cross 


987 


section  of  the  bore. 

For  the  coefficient  of  secondary  work  cp  , we  shall  adopt  the 
following  general  expression:  * aK  + bg  The  tlrst  feature  au8t 

be  reflected  in  the  coefficient  b^,  which  nay  be  of  considerable  im- 
portance at  high  projectile  velocities  and  at  large  at  which,  in 
fact,  it  is  alone  advantageous  to  employ  conical  barrels. 

The  second  feature  must  be  reflected  in  the  magnitude  of  the  term 
m which  takes  into  account  the  resistance  forces  developed  during 
the  deformation  of  the  bands,  these  forces  increasing  continuously  and 
retarding  the  motion  of  the  projectile  in  considerably  greater  measure 
than  is  the  case  in  a cylindrical  bore.  Simultaneously  with  this,  there 
occurs  an  increase  in  the  part  of  the  work  expended  in  the  conical  barrel 
to  overcome  friction  over  the  ever-increasing  area  of  contact  between  the 

bands  of  the  projectile  and  the  bore. 

While  in  small-arms,  where  the  entire  lateral  surface  of  the  bullet 
cuts  itself  into  the  rifling  grooves,  a - 1.10  instead  of  1.03  for 
artillery  guns,  aK  in  the  conical  barrel  must  be  still  greater. 

For  a cylindrical  barrel  without  chamber  widening: 

1 

b . 

3 

For  a cylindrical  barrel  with  a chamber  widening  \ 

A + A 
1 X 

b , 

3 At  1 

where  A - — is  the  current  value  of  the  volumetric  expansion  ratio. 

/0  11 
As  the  projectile  moves,  b varies  from  b - - - at  the  start  of  the 
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A o to  b - - -here  bp  > b > V and  approaches  1/3 

motion  at  A - 0 to  bD  3 + 1 D 

as AD  increases.  consideration  o*  cha.her 

In  deriving  the  forsula  lor  b^  with  c 

... 

- — - * — “ 7 “i;:i 

The  eas  velocity  m vaiiw 

“«».  - — - *- — -*— * “ ‘“B  r: ; 

J ,he  entire  gas  mass  but  only 

but  what  takes  part  in  the  notion  is  not  the 

that  which  has  a cross  section  s equal  to  the  current  cross  ~c 
of  the  conical  bore  or  to  the  cross  section  oi  the  cylindnca 
The  internal  friction  oi  the  gases  and  their  friction  against 
.alls  of  the  bore  are  neglected. 

Let  the  cbasber  of  the  conical  bore  have  a widening  charactered 
/ . and  let  the  conical  bore  Itself  be  charac- 

by  the  quantity  X 0 „ for  the  .uazle  face  and 

prized  by  the  ratio  of  diameters  d^  dQ  yQ 

... .......  ........  - - — ■ *•*- 

*“  F**>'t'„  tb. ..... ...... ....  i.  .»* 

........ ......  ■ WM,,. ...... 

(upon  the  displace-ent  of  which  the  work  b*  q 

.. . ........ ..  ...  ...-  -«»  •>'  *“  «*“-  “•  " •"r"“a  ” 

the  following  formula: 


8 1 


KM 


-£®  - 

CO 


*^KM  + m *0  * 0 


tv. 

*0 


l 


I + 


5-  - 


wo*W 


1 ♦ A 


989 


1 + A 


I 


% 

I® 


1 AoJ_x 

motion  at  A - 0 to  bu  3 


+ X u _ h > b > b , and  approaches  1/3 
— — t where  bQ  ->  *> 

D ” 3 A.  «■  1 


'D 


as  AD  increases. 


consideration  oi  chamber 

In  deriving  the  formula  K . _tend  1 


_ ,n  the  bore  oi  the  conical  barrel 
the  motion  of  the  gases  ^ accordance 

The  gas  velocity  in  various  cross  sections 

la„  frOE  t he  chamber  bottom  10  the  bottom  of 
wlth  a linear  lav  ^ ^ dltilnbuted  in  the  space, 

jec  t i le ; U,  --  ^ ^ „ollon  i8  not  the  entire  gas  mass  but  only 

but  what  takes  p cro^s  section 

i n t hp  current.  ^ * u-  ^ 

rr:::::::. ... — 

of  the  conical  bore  o frlctlon  against  the 

The  internal  friction  of  the  gases  and 

„Xls  of  the  bore  are  neglected.  wldening  characterized 

by  the  quantity  X 0 K«  for  the  muzzle  face  and 

ter ized  by  the  ratio  of  diameters  latter 

d/dQ  . , for  the  current  position  of  ihe  projectiie 

has  traversed  the  pat  art  in  the  motion 

~ "« - ,b*  Lm— ..  ...... 

UV..  - •« «— “ *«  “*  6,1  S . 

„ . ..  .«  ...U  *' 

the  following  formula: 


s l 


KM 


JDB  _ 


s(  Iju  + D m 80  ^0 


KM 

W + w 

0 


av . 

*0 


40  av  a 


s 1 


lav . V 


1 + A 


I 4 A 
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irhere  A 


w/ 


w . 


o 


Since : 


1 


it  follows  that: 


DB 


1 ^ A 

. ^ 2 X " V 
1 + A 


^ y 


The  work  expended  upon  the  displacement  of 
of  gas  with  the  cross  section  s end  weight 
over-all  balance  by  the  component: 


the  cylindrical  column 
is  represented  in  the 


i "db  .1  w 
3 q 3 q ^ 


Replacement  of  by  the  expression  for  it  gives: 

A + *- 


bK  " 3 y A ♦ 1 ’ 


For 

derived  formula: 


1 and  we  obtain  the  previously 
the  cylindrical  bore,  y - 1,  and  we 


A + I 


b - 


3 A ♦ 1 


Since  tor 


the  conical  bore  y < 1,  it  follows  that  bK  < b. 


Thus,  the  »ork  expended  upon  the  displacement  of  the  p 
the  charge  is  smaller  In  a conical  bore  than  in  a cylindrical  bore 
under  conditions  of  Identical  values  for  X,  w and  A,  the  difference 
between  the  two  continuously  increasing  as  the  profile  moves  f r- 
_d  (since,  as  A increases,  y in  the  expression  for  b,  decreases). 

Examination  of  the  expression  for  b,  shows  that,  at  X ' • 

- 0 y - 1,  bK0  - 1.  3,  and  that,  as  A increases  and  y decreases. 


quantity  bR  decreases. 


1 1 


then,  as. 

...... — ■ — - — 

upon  continusously  decreases. 

ln  this  connection,  the  maximum  bR  is  obtained  the  later  the 

larger  V.  and  the  decrease  in  b proceeds  the  more  rapidly  the 

8 X w There  is  pre- 

i n : 


At  x > 1,  the  quantity  bK0  starts  out  with  bKU  - 3 x* 


greater  the  conicity  and  the  smaller  A con.  * *con.  f0 


sented  below  a table  of  values  for  the  coefficients  bR  and  b. 


conical  barrel  at  A 


con . 


- 6.0  and  1.8. 


a;. 


x-  Ac 


A 

0 

0.2 

0.4 

bK 

K... 

0.185 

0.185 

0.205 

0.195 

0.219 

0.203 



0.6 


0.228 


0.8 


0.235 


0.210  0.216 


and  b 


Diagrams  of  curves  for 
and  cylindrical  bores  are  presented  in  fig.  178- 


at  various  X ^or  con*ca* 
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'Wh 


33V. 


Fi«  178  - Variation  of  Coefficient  b in  Conical  and 
Cylindrical  Bores. 

The  guidance  of  a projectile  with  two  siirt  bands  through  a 
conical  bore  differs  considerably  fro-  the  guidance  of  an  ordinary 
projectile  .1th  a copper  rotating  band  through  a cylindrical  bore. 

In  tbe  latter,  the  resistance  increases  sharply  as  the  band  cuts 
itself  into  the  rifling  grooves.  After  the  band  has  cut  itself 
to  the  full  depth  of  the  rifling  grooves,  the  resistance  drops  sharply, 
and  thereupon,  to  overco.e  the  friction  In  the  rifling  grooves,  there 
18  coosu^d  about  1%  of  the  energy  expended  to  co~unicate  a forward 
.otion  to  the  projectile  - —t  0.01).  In  this  connection,  the 

frlciio.  do.  to  the  r.dl.l  loro.  * 1.  -■"*“>  ..diddled. 

tb.  oo.to.  o«  . projectile  ...»  to.  .><■»  »*•“ 

. o.oto.1  Pore.  to.  ......  »t  ««•  “»  ““ 

,0.  co.p~o.to.  of  prodr.oolo.tp  .*.>•>  »<  *“  ***'■  "“** 
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, _ . . fr.r  their  deformation, 
the  force  required  for  tneir  u 

goreover,  as  . result  .«  - dilution  or  rue  ,UBe«r  - > 

bending  or  rue  bands  toward  rUe  surface  of  rue  P^tile. 
because  or  rUe  continuous  increase  in  tUe  surface  of  con  »c  ^ 

the  bands  and  tUe  Uore,  tUe  rrictionai  rorce  Uetween  tUe  Uands  a d Uc 
surface  or  tUe  Uore  aust  progressive! y increase.  TUis  force  aust  an- 
lase  stiii  -ore  under  tUe  action  or  tUe  gas  pressure,  wbicb  press 
tbe  rear  Uand  toward  tUe  surrace  of  tUe  Uore.  thus  —wise  -creasing 

the  rrictionai  rorce.  account 

There  is  presented  below  tbe  procedure  for  taking 

the  retarding  forces  in  the  conical  bore. 


....  ™ *^ss»r—  2“'20 

o,  ...  ....  ..........  ....  >«  *” 

... ..... ...  .•  *"“•**  ,b*  I7V  .. , 

p.,, .. .. ... ........ p“‘ 

transition  to  the  cylindrical  part 
conical  part,  which  sake*  a s.ooth  transition 

... .... ... - « — - — °a  i°  ■ 

.... ...  ~ p“"  ,<,,B  ;b 

in  their  longitudinal  section,  re.e.ble  bodies  of  equal  bending  streng 

being  -id.  at  the  base  ef  and  narrowing  down  toward  the  end  a.  The 
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— , 

w ♦ 28  3 d - 28.0).  The  diam  clear- 

- about  28.3,  a0  order  to  give 

is  smaller  than  dD  - 20  mm, 
d - about  19  m»,  18 

1 , the  forward  band: 

ance  lor  the  expression  of  the 

bo  - 3 m»;  bt-  » “>• 

. the  cone  ecb  with 

, the  generatrix  o 

The  angle  of  inclination  ^ ^ _ about  30o.  At  the  start 

respect  to  the  axis  of  the  project!  ^ apart.  the  rolled-up  part 

f the  motion,  the  projectile,  »hi  * 35_BB!  long 

°f  ^ lt„  it9  f„r.ard  hand,  »oves  through  the 

of  the  cartridge  .1th  its  ^ ^ tbeD  cut8  itself  into 

s.ooth  cylindrical  part  of  ^ ^ lbe  inner  cavity  of  the 

rifled  conical  Par  ^ of  the  here  along  the  cylm 

rear  band  and  pre  t of  the  motion  is: 

dr ical  part  ah,  .hose  surface  at  the  start 

c - tdnb  • 

bno  u 0 

bands  are  compressed  -d^longated^o-ar  represented  in 

of  the  projectile,  t e ^ rifling  grooves. 

flg.  180;  its  outer  surface-ho^ra^^^ 


i on  - Rear  Band  after  Co-pre-alon. 
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The  deformation  of  the  outer  surface  of  the  rear  band  and  the 
law  governing  the  change  in  the  surface  of  contact  can  be  determined 
with  the  aid  of  the  simplified  scheme  represented  in  figs.  *81  and 
182  . 


Fig.  181  - Scheme  of  Compression 
of  Rear  Band. 


Fig.  182  - Scheme  of  Deformation 
of  Rear  Band. 


The  fundamental  assumption  made  as  a result  of  measuring  the  bands 
before  and  after  the  shot  is  that  the  length  of  the  generatrix  of  the 
band  always  remains  the  same,  i.e.: 


/ - eeba  - ecb  a * . 


The  deformation  of  the  surface  of  contact  consists  in  the  trans- 


formation of  the  initial  cylindrical  surface  of  diameter  d^  into  a 


cylindrical  surface  of  diameter  d.  The  slight  conicity  is  neglected, 
and  the  surface  of  contact  is  considered  to  be  cylindrical: 


SR  - * d ( a * b ’ + b’c). 


But: 


b’c  - be  - 


do  - d 


do  - d 


2 sin  a 2 sin  a 


since  the  difference  between  the  diameters  dQ  and  d q does  not  exceed  1%. 


STAT 
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Making  use  of  the  previously  derived  designation  y - a,  0, 


taking  into  account  that 


*d0y  b0 


4b0  + 2(1  - y; 
4 d(.  si”  a 


s A(a>- 
u [\d0  sln 


d0  SiQ  / y Sin  Q -1 

where  s - sQy2  is  the  current  value  for  the  cross  section  of  the 
conica 1 bore . 

Consequently,  the  bracketed  expression  represents  the  ratio  of 
the  surface  of  the  band  pressed  against  the  surface  of  the  conical 
bore  to  the  cross  section  of  this  bore.  Since  y diminishes  all  the 

tiBe,  S ,s  continuously  increases. 

As  the  projectile  coves  through  the  conical  bore,  there  will  be 

developed  the  following  frictional  force: 

rT  " * vlSnPCH’ 

where  \ < 1,  since,  as  a result  of  the  rigidity  of  the  metal,  the 
pressure  p is  incompletely  transmitted  to  the  frictional  surface. 
Moreover,  the  pressure  p acts  upon  a surface  which  is  smaller  than 
S , especially  at  the  end  of  compression  of  the  band  (cf.  scheme 
in  fig-  182,  the  pressure  is  not  transmitted  to  the  segment  ec * ) 
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lith 


The  work  required  to  overcome  this  force  is: 


i'Rrd/  " 5vi  KPcHd( 


Replacing  SR  in  accordance  w 


ith  the  formula  presented  above,  we  obtain: 


l - ( b 2 \ 1 2 

( aTd  l - \ t J - - • _ PCH  bd 

o ' V d0  sin  7 y 310 


but  sdt  - dW,  and  £ PCHdW  " about  ~ 


Upon  taking  the  bracketed  expression  o 
in  the  form  of  an  average  value,  we  obtain: 


} Kt  d/  -fv  ^ * — )(  - 


ion  outside  the  integral  sign 


d0  sin  a/  y ) av.  sin  a 2 


Consequently,  the  relative  work  expended  to  overcome  friction  is: 

Since  , - ^1  - A^T'  11  *°ll0WS  th*t: 


y A /a 

aw.  coo. 
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through  the  barrel  of  the  28/20  gun. 

order  to  segregate  the  influence  of  each  band,  the  forward 

band  -as  reduced  in  diameter  (on  a lathe)  on  one  set  of  projectiles, 
so  that  only  the  rear  band  remained  in  operation,  while  the  rear 
band  was  reduced  on  another  set  of  projectiles,  so  that  only  the 
forward  band  remained  in  operation;  a third  set  of  projectiles  was 

pressed  through  with  both  bands  intact. 

The  dies,  28  mm  and  20  do  in  diameter,  differed  in  length  and 
in  their  angles  of  conicity  3 (tan  P - 0.040,  0.025,  and  O.020). 

The  pressing  through  the  dies  was  performed  statically  in  an 
Amsler  press  with  the  aid  of  a rod  which  transmitted  the  pressure 
from  the  press  to  the  bottom  of  the  projectile. 

The  tests  revealed  the  following  relations. 

1)  in  the  presence  of  only. one  band  - cither  the  forward  or 
the  rear  band  - the  force  diagrams  have  the  appearance  represented  in 
fig.  183,  where  (1)  is  the  projectile  with  the  forward  band  and  (2; 
is  the  projectile  with  the  rear  band: 

n ~ 2H 

1 max  2 »ax  1 

Since  the  rear  band  is  considerably  thicher  and  -ore  massive  than 
the  forward  band,  it.  entire  force  curve  lies  higher  than  the  curve 
for  the  forward  band. 


999 
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183  - S.8...  .r  .8  »■”«* 

Ordinate:  H,  ^8- 

3,  ..  »■  »•>»  """  „ , 

.!«  1.  - — « ■ — “*  a“S”' 


the  appearance  represented  in  fig-  184 ’ 


Fi„.  184  - Summation  of  Force,  in  expressing  Both  Bands. 

, of  the  curve  corresponds  to  the  compression 
The  initial  segment  of  the  curve  c 

. , the  rear  band  is  still  .oving  through 

f onlv  the  forward  band  (while  the  rear 

the  cylindrical  part  of  the  die,;  at  the  point  a,  the  force  H,  begins 

to  bc  added  to  the  force  - the  curve  is  obtains k -ding 

together  the  ordinate,  of  the  curve,  for  (1,  and  n2>  -hich  ar 

wlth  respect  to  each  other  by  the  distance  a,  between  the  an  ^ 

. „„  test,  are  summarized  in  Table  6. 

The  results  of  the  pressing  test,  are  s 
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Die  no.  tan  0 Length  of  n for  both  n o for  i for 

i "max  max  2 max  l 


conical 
part,  mm 


rear  band 
Kg 


forward  band 


0.040 

0.025 


3500 

2620 

3250 

2350 

3100 

2250 

A2,  kg* 


1480/  100 
1980/133 
2520/  170 


0.020  200  | 3100  I 2250  1100  |2520/  170 

In  all  three  cases,  the  cornel ty  exerts  a slight  effect  upon  the 

magnitude  of  nmax;  as  the  comcity  changes  by  a factor  of  two  (from  the 

first  to  the  third  case),  f]  changes  by  only  400  kg  for  both  bands 

max 

(equivalent  to  11.5%)  and  by  only  250  kg  for  the  forward  band  (equivalent 
to  12.3%) . 


3)  The  area  of  the 


m 

^ fl d I diagram,  where  / ^ is  the  length  of  the 


conical  segment  of  the  die,  defines  the  magnitude  of  the  work  expended 
upon  pressing  the  projectile  through  the  die  (fig.  185). 


I 


Pig.  185  - Forces  as  Functions  of  Angle  of  Slope  of  Cone. 

The  work  is  substantially  dependent  upon  the  path  traversed  by  the 
projectile.  It  is  least  in  the  shortest  die,  so  that: 
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TO  uk.  loco  .0000..  th.  “°rk  “ "***  *"  ' 

...  OOOkOk.  «•  o,  U.  kOO  «-».  *“  " 

ai„  „ . i d >.  .0..  ~ *■“  ■ 

to  the^operation  of  pressing  through  the  barrel,  Hc  - V >‘ 

5.  DERIVATION  of  FORMULA  for  recomputation  of  pressing 
FORCES  FROM  DIE  TO  BARREL 


Flg  186  - Scheme  of  Forces  During  Passage  of  Projectile. 

As  the  projectile  1.  pressed  through  a die  or  a barrel,  it  is 

acted  upon  by  the  following  forces  (Fig.  186). 

, „f  the  press  n.  which  is  directed  along  the  axis 

1)  The  force  of  the  press  tie 

of  the  projectile.  . 

2)  The  reaction  force  H*  perpendicular  to  the  conacal 

. __  .k.  variable  surface  of  contact 

which  is  uniformly  distributed  ower  the 

Of  the  forward  band. 

3,  The  analogous  force  N--  on  the  rear  band. 

4,  The  frictional  force  v^'  on  the  forward  band. 

(.)  Derivation  performed  by  Engineer  Shpigelburd. 


.1 
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I 


**  the  rear  band. 

5)  fore  <,< 

»-  oi  * 

— - — « * 

« n»d  <»>* «"  p”!*"11' 

following  thr«e  forces: 


n,  c*1  9>  l^s",v°si; 

force.  act  l n the  radial  diction: 

and  that  the  following  two 

(N 


A ( * ’ + S >V  »tn  ^ * 

^ )cos  1 


,.ie  through  the  die,  *-b 
_ f the  pro jec 1 1 ie 

For  the  static  pressing  axial  direction  will  give 

equilibrium  conditions  for  the  forces  _ 

the  following  equation  fdeslgnating 


I\  - S(sin  3 * VX  eos  9>- 


C 53 ) 


nrPssmR  each  band: 

The  radial  forces  compressing 

. *“  - g”  < cos  8 - V sin  9) 

, _ ^ sin  3)  and  * - * 1 

- N Ceos  9 - vx 


cause  the  bands  to  undergo  pla8“C_fdoerfc°r  dl>graB  fron  the  die  to  the 
in  transferring  the  identical  radi»l  forces  act  in 

barrel,  we  mahe  the  assu.P  #f  t„.  barrel  which  correspond 

similar  cross  section,  of 

to  one  and  the  same  ^ of  the  barrel  and  of 

I„  such  a case,  tor  ^ equation  of  radial  forces  (the 

tbe  die.  - can  writ,  the  o subscript  -c"  indicating 

subscript  indicating  the  die. 

tbe  barrel): 

1003 
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, ,S6>  to  two  dies  of  different  coniclties, 

Applying  formula  (56)  the  pressing 

™ V,  ..  ».  - — . “*  ^ ...  .«•—  v.  - 

‘ •*“  * -‘a;; 

- 0.16,  which  corresponds  to  the 

* initial  assumptions. 

demonstrates  the  correctness  o ^ ^ forces  required  to 

Formula  (56)  serves  for  recomputation 
press  the  projectile  through  the  barrel.  dlfferent 

, 9H  20  CUn  COQhlfctb  Oi  & fe 

Sluce  the  hore  of  the  *■,  lhe  conicity  changes, 

_ . . that.  in  those  p 

conic i t les , it  to  on  ^ se(;Kent,  and  its  forward 

«"  rear  hand  of  the  project^  ^ „ 1B  pessary  to  use 

band  will  be  on  the  othe  . the 

* transform  from  tnc  axtf 

::;r  - — ...... — ~ ™ 

"■  rircr....... ..  * — • Z7trszz.. 

formula : 


v — v. 


1 ♦ axv 
1 ♦ a2v' 


where  < a2 


2 (th  ,be  data  of  M-K-  Shlyaposbnikov,  vo  - 0.27, 

*■  -ccordance  with  the  Robinson  C*J , 

a - 0.0213,  a2-  0.133.  in  accordance  with  the  d 

.«  » »•» ....  - ■*  - - 
jr:*-  « *—  ~ 

through  the  barrel.  tg  of  different 

For  the  28/20  gun,  which  compri.es  three  8 

w.  at  V - 0.10  the  n-  f Cl  > force 

coniclties,  there  1.  obtained  at 

1005 


STATU 


in  A , 


.„***.+■ 


diagram  represented  in  fig.  X87. 


m 


Fig.  187  - Resistance  to  Drawing  through  28  20  Barrel. 

1)  cylindrical  bore;  2)  conical  bore 
of  28/20  antitank  gun;  3)  profile  of 
28/20  antitank  gun  bore. 


Computation  of  the  work  Involved  in  static  pressing  through  the 
bore  at  vc  - 0.10  gave  the  value  of  A - 1320  kg...  which  constitutes 
about  10%  of  the  nuzzle  energy  of  the  projectile.  At  existing  coni- 
citles,  Jtldt  depends  In  considerably  greater  neasure  upon  the  coef- 

ficient  of  friction  v than  upon  tan  $ . 

As  is  seen  fro-  the  results  of  the  conputation,  this  value  is 
considerably  greater  than  the  work  required  to  overcone  friction  in 
a cylindrical  barrel,  -here  k3  - about  0.01.  or  approximately  1%. 

The  coefficient  <fK  for  the  conical  barrel  can  thus  be  represented 

in  the  following  fora: 

. u 

«f>  - + br  -• 


where : 


Here,  k2  i«  the 

kg  is  about  0.01; 


• ••  _«>  „ 

a^  - 1 + k2  + k3  + k3  + k3  + kg. 
relative  work  consuaed  in  rotating  the  projectile. 
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diagram 


represented  in  iiR*  10** 


Flg.  187  - Rer i stance  to  Drawing  through  28,20  Barrel. 

1)  cylindrical  bore ^2^  c°“^iebofC 

o{  28/20  2g/20*antl tank^gnn^bore . 

* in  static  pressing  through  the 

Computation  of  the  work  involved  in  static  P 

6or.  : . ..,0 .... ...  -« .. . - — — . — — 

- « — -» - - — " " rir::;: 

{not  d.p..a.  i. 

ficient  of  friction  v than  upon  tan  f>. 

As  is  seen  fro.  the  results  of  the  co.putatlon,  this  value  i 

w r*nuired  to  overcome  friction  in 
considerably  greater  than  the  wor  q 1% 

, K „el  .here  k - about  0.01.  or  .pproxlwtely  1%. 
a cylindrical  barrel,  .here  3 represented 

The  coefficient  for  the  conical  barrel  can  thus  be 

in  the  following  for.: 


. W 

*K  * **  i’ 


t ..  vaJ 

- 1 + k,  + k3  + *3  + *3  + *5* 


Here.  *2  i»  the  rel.ti.e  *ork  consu, 
is  about  0.01; 


ad  in  rotating  the  projectile. 
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4 s^-JSivs:  gr=s.:-4ra£.-.;w“-  “ “ 
;;rr.:  s:*U"  ‘,:.n;ur:s.2T 

o?  the  bore  and  by  the  deformation 


J r\d  i 

0 


of  the  bands. 


_ kCK>~0.10; 

2 ' 3 


is  the  relative  work he°pressingnof "th^rear  ba^against 
thfsittatr"  th^  bore*5 under  the  action  of  the  gas  pressure. 


k3  * 0.04-0.08; 


is  the  relative  work  consumed  by  the  recoil, 


0.  18-0.22 


I 


A . * 

y 


- 1-205  ‘ * 


For  Cylindrical  Bore: 


For  Conical  Bore: 


For  charge  - - 1 

q 


i ' 03  + I - - 1.363. 
3 q 


1.20  + 0.222  - 1.422; 


For  charge  - - l-5 

q 


<p-  1.03  + i - ■ 1.53. 
T 3 2 


1.20  ♦ 0.333  - 1.533; 
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For  charge  — - 2.0 
Q 


cp  - 1.03  + - - 1.70. 
3 


cp  - 1.20  + 0.444 

TK 


1,644. 


Consequently,  for  the  charge  w/q  - 1.5  l.hxch  corresponds  to  vD  - 

- about  1500  m/sec),  the  Identical  coefficients  *f>  and  cfK  arc  obtained 
for  the  cylindrical  and  conical  bores,  even  though  the  components  a 


and  b - differ: 
Q 


aK  > *'  bK  < b- 


At  smaller  relative  charges  w,  q,  the  coefficient  for  the  conical 

barrel  is  greater  than  f for  the  cylindrical  barrel.  At  ^ > 1.5,  at 

projectile  velocities  vD  > 1500  r,  sec,  <fK  < f * and  the  conlcal  bore 
is  found  to  be  more  advantageous,  since,  at  a large  relative  charge, 
the  decrease  in  the  coefficient  bK  ^ is  core  pronounced. 

At  very  high  initial  projectile  velocities,  higher  than  1500  m/sec, 
the  barrel  with  the  conical  bore  is  -ore  advantageous  not  only  because 
it  considerably  reduces  the  length  of  the  bore,  but  also  because  it 
reduces  the  quantity  of  work  consumed  in  moving  the  gases  in  the  nar- 
rowing bore  ^term  bg  ^ j • 

If  the  values  for  the  coefficients  k^  and  k‘K)  are  not  averaged 
and  the  problem  is  solved  for  variable  magnitudes  of  the  resistance 
forces,  the  following  aystem  of  equations  is  obtained: 

1)  Equation  of  motion: 


•P 


CH 


C v,  S_  p 


1 n CH 


1008 


n - <? , 


dv 

dt’ 


(a) 
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jP^ 


2)  Equation  of  work  or  equation  of  transformation  of  energy: 

» ' 

p(w_  f tf)  - fu»vf  - ? <f2*nv2  " e ^ ^df  “ * ^ vlsnpd^  * (b) 

t 2 ^ 0 O'1 


3)  Law  of  burning  rate: 


u - u ip. 


4)  Law  of  gas  formation: 


t - KZ  + X Xz 


5)  Relation  between  p and  p (average): 

CM 


(C) 


(d) 


CH 


i ♦ i JL 


A ♦ y 


3 * A + 1 


(e) 


The  coefficient  cp^  takes  into  account  the  work  of  the  resistance 
forces  on  the  driving  edges  of  the  rifling  grooves  and  the  work  con- 
sumed in  rotating  the  projectile.  It  is  possible  to  assume  that  <fx 
- about  1.02.  The  coefficient  takes  into  account  all  the  usual 
forms  of  work,  except  for  the  work  accounted  for  separately  by  the 
last  two  terms  in  equation  (b): 

cp  -l  + k + k*  + k ♦ k.  « 1.03  ♦ b - , 

‘2  2 3 4 5 a q 


where: 


A ♦ 1 
1 X 

b*  - 5 y 7T77* 


d 

y T’  7 — 

do  'km 
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mm 


ted  by  these  equations  Is  solved  hy  the  method 
The  system  represent  d by  the  use  of  a 

Tavlor 'b  series,  accomp 

of  resolution  into  a ray  r fldt  > s n ' bK  and 

the  dependence  of  U.  \u  n 

series  of  diagrams  express!  E velocity  of  the 

^ upon*  or  A and  the  relation  between  v, 

projectile.  relations  derived  above  by 

For  verifying  the  correctness  iE  expedient 

. various  forms  of  secondary  wor 

taking  into  account  tie  BmaH  charges, 

to  utilize  the  above  system  of  equations  U-C 

using  a very  rapid-burning  powder- ^ ^ ^ ^ in8ta„taneous  burning 
ln  this  case,  whi  ^ _ ellBlnated.  the  coefficient 

of  the  powder,  equations  ^ ^ small„ess  of-/*.  the 

fa  18  Cl°8C  t0  belng  !°n?ant  ZTn  acquire  predominant  importance  and 


Z f 

retarding  forces  R - v1sn1 


CH 


.ore  easily  be  taken  into  account, 
can  more  ln  thc  following  form. 

If  equation  (a)  18 


SP, 


CH 


f S" 
i - — - 


n 


sp 


*CH 


dv 

,m  — » 

1 1 dt 


V A and  p at  which  the  bracketed 

it  becomes  possible  to  select  values^  ^ ^ certain  instant  even  become 
expression  will  be  very  « »•  ^ "‘J  ed  to  8uch  an  extent  that 

less  than  aero;  the  projectile  will 
it  wiU  stop  without  emerging  from  the  bore. 


STAT 
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CHAPTER  2 - ^THOD  OK  SQUjTION_OF_PgOg 

The  fundamental  assumptions  are  the  same  as  in  solving  the 
problem  for  the  usual  cylindrical  barrel:  Instantaneous  Ignition, 
geometric  la,  of  burning  of  the  po.der,  la.  of  rate  of  burning 
u . UlP.  instantaneous  cutting  of  the  band  into  the  rifling  grooves 
.t  the  pressure  p0  to  overcome  the  inertia  of  the  projectile;  un- 
changing gas  composition  during  expansion. 

a ♦ uqri,hlo  cross  section  oi 
The  fundamental  distinction  is  the  variable 

the  bore. 

Fundamental  Relations 
Equation  of  motion: 


(57) 


Lav  of  rate  of  burning. 

de 

u " 71  " u!p 

Equation  of  elementary  work: 

<f mvdv  - psdl  - pd* 

Equation  of  transformation  of  energy: 

p(»+  + *>  " f“*+  " 2 ^“v2 


where : 


- A 


(58) 


(59) 


(60) 


1B  the  free  volume  of  the  chamber  in  the  instant  .hen  the  fraction  of 

the  charge  + b®8  burned.  * 

<57>  ...  (»>.  - ■“  ' 


WO 


.1  . + b,  - in  accordance  with  the  formula,  in  the  preceding 

' T K * q 

chapter. 
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fLi 

dv  “ cpm  “ «f*  dx' 


(61) 


where : 


x is  the  relative  thickness  of  the  powder  burnt  since  the  start  of 
motion  of  the  projectile;  e„  is  the  thickness  of  the  powder  burnt  in 
the  instant  of  the  start  of  motion;  is  the  relative  powder  thick- 

ness; and  *0  is  the  fraction  of  the  charge  burnt  prior  to  the  same 

instant  of  time. 

We  introduce  into  equation  (61)  the  relative  quantity 

_ So£k  _s_dx  (62) 

uv  cpm  Sq 

The  fundamental  difficulty  in  solving  the  system  of  equations 

for  the  conical  barrel  consists  in  the  fact  that  the  connection 

between  -2-  and  v or  x is  not  known  in  advance;  it  will  be  established 
80 

later. 

This  makes  it  impossible  to  integrate  equation  (61). 

We  propose  taking  this  connection  from  the  solution  of  the  pro- 
blem for  the  cylindrical  barrel,  where  we  obtain  a connection  between 

v and  W or : 

V 

A-  i“ 

"o 

Prom  the  fundamental  assumption  that,  under  identical  loading 
condition,  for  the  conical  and  cylindrical  barrels,^  the  v-A  curves 
for  both  coincide,  -e  obtain  the  relation  between  ^ and  W or  A . 
Since  the  quantity  A will  subsequently  be  the  argument,  the  ratio 

wln  be  known  In  accordance  with  It,  and  the  equation  can  be 

“O 
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integrated . 

By  integrating  it,  we  obtain:^ 

f JL 

v “ <fm  ' 80 


dx . 


Taking  outside  tbe  integral  sign  in  the 
value  of  fili  from  1 to  £~,  corresponding  to  the 


and  the  velocity  v in  the  cylindrical  barrel,  wo 


_ Vjs 


av . 
s0 


form  of  the  average 
relative  volume  A 
have  : 

(63) 


and , 

that : 


ince  we  have 


accepted  the  condition  that  v 


a0IK  8av.]t 
f*  s0 


Cf>m 


it  follows 


from  which : 


> x 


(64) 


av. 

80 


Fro.  equations  (59)  and  (60),  we  obtain  the  following  relation 
between  W and  A and  x: 


dV 


"i-  + w 


dA  _ _L 


l ypmvdv 


u,  ^ ’ 

* — T 

vnp 


(65) 


where  * - «*>  i*  expressed  by  the  following  bino.ial  for-ula : 

fktt  JtXz2  - «V0  + *®ox  + kXx  * 

Upon  substituting  into  the  right-hand  side  of  equation  (65)  the 
value,  for  dv  in  accordance  with  equation  (61)  and  for  v in  accord- 
ance with  equation  (63),  and  upon  introducing  the  designation: 


lrt\3 


STA 


l*ramsiifS&k 


2.2 

S0XK 

B0  " ft-xf*’ 


av « 


l0  s0  SQ 


xdx 


( 

0 1 s0 


0 

9 


*X  *2 


(66) 


Vs 


_ 5a« 


te)'  -*x- 


t for  a cyl indrical  barrel  of  caliber  d0 
The  analogous  equation  for  » 

has  the  following  forn: 


dA  _ 


B0*ud*U 


(67) 


A^,*  A + kl*d-  B1X“ 


B0e 


- tf  X, 


k0lK 
B0  f««f* 


r ::r‘ 

— B°  and  Br  76C6)  for  The  conical  barrel  variable  and  dependent 
b®co»e  in  equation  #cCtlon  of  the  barrel. 

upon  the  variation  in  the  c ^ ^ ^ nu„erator  0f  fomula  <«>  is  a 
But  the  — Ct  ytra^rred  to  the  left-hand  side  during 
function  of  A an*  can  be  ^ ^ deno»inator  is  relatively 

inflation,  while  the  la-  ^ ^ flrat  two,  and  the  variable 

guall  in  conpari-on  with  the  sun 
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quantity  [ av.  \ therein  may  be  assumed  to  equal  an  average  value, 
either  one'  and  the  same  for  the  entire  interval  of  integration  or 
different  depending  upon  the  quantity  x. 

In  this  case,  equation  (66)  can  be  integrated,  and  the  relation 
between  A and  x can  be  obtained  in  its  final  form. 

On  the  basis  of  the  above  discussion: 


- y 


~ y ; 


sav.  s _ y3 


1 - 


f (A)  . 


=0  °0  ~0  0 
Separating  the  variables,  we  obtain: 


dA 


B0xdx 


xdx 


( A ^ + A ) 


Bls*2 


+0 


Jl8 


>ls 


(68) 


The  right-hand  side  of  equation  (68)  shows  no  external  differ- 
ences from  the  right-hand  side  of  a similar  equation  for  the  cylin- 
drical barrel  and  represents  a differential  of  the  function  of 
Professor  X.  F.  Drozdov  (in  which  connection,  during  integration, 

must  be  taken  as  an  average  value  Bls  over  the  given  interval  of 
integration) : B0 


xdx 


Bl.  Bls 


- lnZx  18 


This  function  is  found  from  the  basic  quantities: 


r- 


^ls^O 


*ls_ 


the  magnitude  of  Bls  either  varied  in  moving  from  one  value  of  x to 
another  or  else  being  retained  constant  for  the  entire  first  period. 
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* 1 -i  kowl  Rf 


at  A -A  .1“  which  connection  A^av.  may  like’'1 

integration  at  — 


integrate..  -v,  W which  i8 

be  taken  either  constant  for  ali  values  of  +. 

better,  its  own  value  is  taken  each  tine  for  each  value  o 
_ * kxx  + *Xx  used  (as  is  cossonly  done  to  obtain  a -re  exac 

solution  at  an  average^,.  We  resolve  the  function 
integral  on  the  left-hand  side  of  elation  (..)  into  the  si.pl 


fractions : 


1 

^con. 

a 

+A) 

/A 

" 

<A+av.TA) 

CA  -A)  A^av . * ^ 

con.  a 

V ^con 

• J 

\ 

/ 

A con. 

“ ^con. 

- aA+  ^av.  + bA* 

To 

deterwine 

a and 

b,  we  have  two  equations: 

^con 

+ b'Wav. 

. and  a - b - 

Acon. 

A “A 
Acon. 


from  which: 


V»v. 


a - b and 

A 


con. 


- 1; 


a - b 


con.  „ 


Vav. 


^con. 


1 + 


*av. 

^con. 


Consequently : 


A dA 
Acon. 


+ a)  (A  - A) 
con. 


(A 


Acon.  { jA_  _ ldA_l  _ 

Vcon.+ A^»v.  lA^«v.  + A Acon."Aj 


vcon. 


din 


+ A 


ACon.+A+*w.  Acon*  ”A 


„ (B8)  between  the  limits  from  aero  to  A 
By  integrating  equntion  (68)  betwee 

and  from  aero  to  x,  we  obtain: 

1016 
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{ s V 

BO  | av.  \ 

Bls  ’ 2 \ 80  } 


kX. 


i8  not  constant,  but  varies  depending  upon  the  variation  in  the 
cross  section  of  the  bore.  Moreover,  there  is  present  a denominator 
greater  than  unity,  which  increases  as  the  po.der  burns  during  the 

.otion  of  the  projectile  through  the  conica!  barrel. 

Thus.  formula  C70)  reflects  the  influence  of  the  variable  cross 

section  of  the  bore  and  of  those  specific  features  which  -aKe  their 
appearance  as  the  projectile  moves  through  the  conical  barrel. 

The  formula  for  the  pressure  will  have  the  following  form. 


*- 


fA 


^ + kix  : Bisx 

— • fA 


(73) 


A 


A**  A 


i.e.,  its  structure  doe.  not  differ  fro.  that  of  the  formula  for  the 
cylindrical  barrel.  Since,  for  definite  values  of  x or  + , the 
velocity  v < vy,A  <A^or  the  conical  barrel,  the  pressure  in  the 
. . . .v-  i 4 barrel  (P  > P..'« 


p - f A 


(74) 


By  differentiating  it  with  re.pect  to  x and  equating  the 
deriwative  to  aero,  we  obtain  a formula  for  x.  at  which  the  gam 
pressure  reaches  its  maximum. 

Without  presenting  a detailed  derivation,  we  -hall  -rite  down 
the  formula  in  its  final  form: 


1018 


stah 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


- 2*X 


'M 


- - 

The  appearance  of  the  p - A ,nd  , 
in  Fig.  188.  is  represented 


,M «'  r A c"r,“  ■■  c~‘“i  - «»*■«-«  — 


. P ~ A Curve 

1 > r -A  Curve 
f)  P - A Curve 

2 ^ v ~A  Curve! 


in  gun  with  cylindrical  bore 
in  gen  with  conical  bore 


In  the  aethod  described  above,  there  . 
the  proposition  that  the  v - A ccepted  and  utilized 

barrel,  coincide.  i„  thi.  m "IT"  ^ C°“1C*1  a“d  ^“"“rlcal 


barrel,  coincide  m t„, 

* i„  thi.  connection,  the  qu,ntlty  x . „ 
taken  me  the  ^ . 7 x z “ *0  *•» 


propoMd  b,  I.  ■ Q.J  . rtlch  h,B  tMa 

" «b.  „„tll. 


STAT 
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tihr?  , 


s , aav-  an(j  assuming  in  the 

- «•  2 * — *- 1 

*—  — r.?  - — ...  *»•  — *-■ 

and  'Vay.  " 5“ 

1 + 


*av. 


log  z; 


Xi  log 


A 
A*av. 


(75) 


1 - 


Von. 


where  : 


Tav . 


AK  " B 


and 


Jls  \ / 

N 7~l  and  the 

Hio  of  the  function  log  Z x 

Thereupon,  from  the  a value8  of  „ - J^x,  Irom 

quantity  thCre  "*  f°UD  1 

hi  1 


'con . 


- kX. 


which  x 


the  first  part  of  formula  (75),  *hile 
Since  A*av.  enter8  iBt°  necessary  in  the  initial  com- 


Since  A*av.  «“ter8  l8t°  cc8sary  ln  the  initial  c« 

^ i t becomes  necessary 
* is  not  kno-n  in  advan  , ' .bleb  is  correct  only 

♦ An  average  value  of  t 2» 
put.tlons  to  accept  an  aver  g 

* ko  nowder  and  j 


put.tions  to  accep  ,nd  introduces  an  error  ir 

for  the  end  of  — *-J  inter.edlate  points  of  the  first 

determining  the  eiemen  ^ obtained  higher  than  is 

period.  *or  these  points.  ^ proceed  for  these  points  by 

actually  the  case.  It  « ~ nu.her  of  approximations 

,thod  of  -uccesslye  approximations  Jj  is 

if  « nr,  ’ ° 


the  method  of  J a_  W3  where  A-  - — 18 

— “ - - “ ” "T IsL  - . - - — 

the  relative  volume  of  the  bore  „lue  oI  the  relative  volum 


the  relative  volume  of  ^ ^.current  value  of  the  relative  volume. 

Of  the  powder,  *nd  A *0  A mnd  their  influ- 

- # a and  Ad>*« 


( powder , *nd  A mnd  their  influ- 

a*  .* - — - A:  ; « — 

_ — - mm*—  - - 

in  *!*•  189 • 

1020 


STAT 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


Sanitized  Copy  Approved  for  Release  2010/10/29  : CIA-RDP81 -01 043R001 100040001-0 


1 


th  we  shall  find  in  our 
.hen  ordinary  guns  *»ve  an  ^ ^ cylindrlcal  barrel 

design  a conical  barrel  >bich  -respo^  ^ ^ . deslgn  -U  - 
with  the  .mi—  bore  V°1U**  tables  presented  in  the  division 

based  on  the  procedure  and  auxiliary 

entitled  -Ballistic  Design  of  Guns  requirements,  let  there 

on  the  oasis  of  tactlca  ^ #f  tbe  projectile  „ 

be  predetermined  the  exit  call- ‘ * conical  barrel 

and  the  initial  projectile  velocity  „ J ^ ^ ^ _E.  Since 

Additionally , -e  determine  cqD  ^ 2g 
“ »»  in  1 


Additionally,  ™ - “D  of 

_ay  fluctuate  in  the 

c _ for  armor-piercing  project  ^ ^ ^ entrance 

r-..  « "■'*  - « « -*«  * 

u.  »— • 

“■  , rr. r,  . „ . . ..... 


P ~ d°  " V Cq°  b _ ! . 4 for  the  28/20 

* thc  accepted  ratios  are 
In  German  guns, 

d ft  - 1.363  for  the  75/55  gun. 
gun  and  P * ^ 

The  ratio:  1 

»a,  be  recommended.  ln  such  a manner  as  to 

A,t.r  -electing  ~ funda^ntal  characteristic,  of  me 

obtain  cq0  - about  6#°#  ^ at  c - 6.°  mt  th*  cbOSen  TalU€* 


1,  . «S  - M **/“= 

l-o 


b)  . _p  sv  ?s5  1-20 ; 

•K  + bK  Q ’ Where  * 
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Ib. 

0.222;  vtabD  “ n ' 


n “ 


*0 


From  the  GAU  Tables,  we  find: 


B| 


IM 

d0 


L 


(AD  " 


19. 

d 


,»Hber  of  the  conical  gun 

„ h - d equals  the  envr.u- 

Here,  d - % ^nm»vr  volume 

. _ we  determine  iuc  

°»  *“  r ■“  • » O,  ... .. 


■»  - •»'»•  » «•  •• ,e*  ~- 

*»  • «...  ■-  "**•  •*  **• 
Knowing  the  volume  3)  to  find 

d_  . , fnMniiln  W _ “ v D 


Knowing  tne  ~ 

«e  use  the  formula  *D 

diameters  yD  - d * 

u <t«  aoex: 


V (1 

con. 


v3)  to  find  the 
yD 


av.  v - j 

„ f the  oath  of  the  projectile  through  the 
lt  follows  that  the  length  of  the  path 

conical  bore  In: 
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and  finally  the  total  length  of  the  barrel: 


lct  " lkh  + 2do 


( 2c1q  being  reserved  for  the  breechblock)  . 


Having  assigned  A - 0-6  and  found  Wb  - 0.6W0,  we  determine: 


We  find 


or  the  pressure  impulse  lj 


which  ensures  attainawnt  of  the  predetermined  pressure  P„.  As  is 
shown  by  theory,  the  end  of  burning  -ill  be  transferred  closer  to 

the  start  of  motion  of  the  projectile,  and  -»?K  “ ln  the  conical 

Vw  *lfll  ^ 


barrel  will  be  smaller  than  ~»JKu  - jr 


in  the  cylindrical  barrel. 


To  compute  the  pressure  and  velocity  curves  for  the  conical 
barrel,  we  first  compute  and  construct  the  v - W or  v -A  curve  for 
the  cylindrical  barrel  found.  This  is  done  most  simply  with  the  aid 

of  the  AHII  or  1942  GAU  Tables. 

On  the  basis  of  the  values  for  v obtained  in  this  manner,  we 

. . _ JL  .Here  v - is  the  velocity  of 

compute  the  values  of  x^  - v0*  where  vQ 

the  projectile  at  the  end  of  burning  of  the  powder  in  the  absence  of 
any  pressure  to  overcome  the  inertia  of  the  projectile. 

From  the  values  of  W corresponding  to  the  values  of  v taken  from 
the  curve  for  the  cylindrical  barrel,  we  successively  find  the  values 

, - \A  - nir 


where: 
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, e v hv  av-  we  find  lor  the  same  v 

By  dividing  the  values  of  xu  by  » 

. - „ _ — tor  the  conical  barrel. 

and  W the  values  of  x - «av  /s0 

The  quantity  aK  - 1 ■!»  *“  ’«  *“d  ‘l° 

.ele.lt,  in  the  cenl.al  l»er..  at  the  end  .urn..,  *'  «» 

On  the  basis  of  the  resulting  values  of  x.  we  find: 


and  the  pressure 


■■  'Vq  + K6yX  ^ 


ftp  np 

" A ^,+  A 


-{i  - *Kb  ■ * 


-iU;  V‘-4i-T-ih' 


nd  v and  W are  the  s\»e  as  for  the  cylindrical  barrel. 
For  the  end  of  the  first  period,  vVK  - 1- 


t 


1 - ah 


We  find  the  -uzzle  velocity  and  nuzzle  pressure  with  the  aid  of 


the  following  formulas: 


1 - 1 - 


1 - QA  * Ak 

1 - aA  + An 


PD  " PK 


rl  - ah  + Ar 
^1  - OA  + Ad 
2|  f u 


vnp  *f  ® Q 


..  cKlclPi*  «*  "O'1”'1-  *“ 


Of  the  charge: 
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(Compiled  by  M.  E.  Serebryakov) 


On  the  basis  of  the  general  formula  ot  pyrostatics,  the  par 
the  charge  * burnt  prior  to  any  given  moment  can  be  computed  with  the 

aid  of  the  following  formula: 


P - I’U 


( l - 3 ) - d 


l - it 


I 


In  these  formulas,  the  following  designations  are  used. 
a is  the  loading  density  in  the  experiment. 
s is  the  density  (specific  gravity)  of  the  powder. 

:i  is  the  covolume  of  the  powder  gases. 

p-  is  the  maximum  pressure  in  the  given  experiment, 
p is  the  pressure  due  to  the  igniter  gases. 

pB  IS  the  pressure  in  a certain  intermediate  instant,  which 


varies  in  the  range  of  PB”Pa- 

Thus,  the  quantity  * is  a function  of  two  parameters. 

1,  The  parameter  i , which  is  constant  for  the  given  expert- 

2)  The  variable  ratio  — _ which  varies  from  0 to  1. 

At  a close  to  1,  * close  to  1.6,  and  A varying  from  0.25  to  0, 
th.  . . .....  <.—•  >-*  “•  4 ’ ‘ 
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" implied  by  H.  E.  Serebryakov) 

. lht.  Kuncral  formula  of  pyrostatics,  the  pai  t o 

on  the  basts  of  he  COBputed  with  the 

to  nnv  til ven  moment  can  ot  v 

the  charge  ^ bu>nl  prl°'  l°  1 ^ 

ald  of  the  following  formula: 

!'  - »’b 

1>k  " p» 


'V  - 


whe  re 


p - PB 


3 - 


( l - 3 > 


1 6 

foraulas  the  following  designations  are  used. 

In  these  formulas, 

A t.  the  loading  density  in  the  experiment. 

* is  the  density  (specific  gravity)  of  the  powder. 

a is  the  co volume  of  the  powder  gas 

4_  .be*  civen  experiment. 

Pa  is  the  maximum  pressure  in  the 

’ is  the  pressure  due  to  the  igniter  gases. 

B in  a certain  intermediate  instant,  which 

p is  the  pressure  in  a cert. 

varies  in  the  range  of  PB ^ Qf  two  parameters. 

Thus,  the  quan  is  constant  for  the  given  experi- 

1)  The  parameter  3 > 

ment'  _P  ~ which  varies  fro*  0 to  1. 

2)  The  variable  ratio  - PB 

At  a close  to  1,  5 close  to  1.6,  and  A varying  fro.  0.25  • 

the  quantity  3 , — depends  upon  the  three  quantities  a.  , * 
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varies  in  the  range  of  0.86-1.00. 


s in  the  range  o,  0.97 

. , . (.very  value  of  9 from  o.»t> 

The  tables  are  compiled  - JL  “ 75  icd  f rom  0 

ttt  intervals  of  0.01.  as  related  to  the  ratio  pm  - PB 

to  1 at  intervals  of  0.001.  arrangement 

. of  the  tables  ss  analogous  to  toe 
The  arrangement  ox  uu 

Of  four-place  logarithms. 

USE  OF  TAB1.ES 

,.,ta  are  used  to  compute  the 
v * v v i me  nt  a l ^ 

To  start  with,  tin*  * »P‘ 

. ... , t \ t {'it.*  loll  ow  i n g 1 ° rmu  1 a ■ 

,tttv  a in  accordance  *iti. 

basic  quant 1 1 > a 

1 - ^ 


a - 


1 


x ,nd  5 are  not  known  in  advance,  it  may  be 
« the  quantities  and  ^ ^ pyroxylln  powders 

approximately  assumed  that  *-  '•*  a''" 

and  0.8  for  ni t rogl ycerol  powders.  ^ flnd  the  correspond- 

Havlng  computed  the  basil  quant  . p -p^,  {or  brevity 


ing  table  of  * ns  a function  of  the  ratio  ^ _ pB 
has  been  designated  as  r in  the  tabies: 


n-itre  the  first  two 

, . ln  the  left-hand  column  of  the  p S 

HaVln8  OU  tit,  - ( tenths  and  hundredths),  and  taking  from  the 

dl8ltS  " 17  r table  the  number  corresponding  to  the  thousandths  of 

UPPCr  „ to  9)  we  find  the  quantity  ■+  for  the  first  three  digits  of 
<3  (from  1*  to  9).  ^ row  cor responding  to 

p at  the  intersection  of  this  column 

*“  ',r'1  7 *"  *■»  dl“*  e *“ 

_ :;r:: ~ — 
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quantity  found  above  and  the  neighboring  quantity  on  the  right. 

Having  obtained  columns  for  the  values  of  the  time  t and  pres- 
sure p by  treatment  of  the  experimental  p- t curve,  and  knowing  the 
pressure  pR  developed  by  the  igniter  and  the  maximum  pressure  Pm,  we 
compute  for  every  value  of  p a column  of  values  of: 


P 


where  p - pB  will  be  a constant  for  the  given  experiment. 

Having  computed  the  ratio  3 for  the  given  experiment,  we  imme- 
diately find  in  the  cor  respo  nd  i ng  table  the  column  of  values  of  ^ 


a - 


i-f 


l 


for  the  values  of  the  ratio  ”,  which  expresses  the  rate  of  gas 
formation  from  the  given  powder  under  the  given  conditions,  which 
enters  Into  the  expression  for  the  experimental  characteristic  of 
the  progress i v i t y of  burning: 


p 1 


Example.  Let  there  be  known  from  preliminary  experiments  the 
quantities  a - 0.97  and  3-  1.58,  as  well  as  the  loading  density  in 
the  given  experiment  A - 0.20.  In  this  connection,  there  have  been 

obtained  pQ  - 40  kg,  cm2 , p.  - 2170  kg  cm2. 

Let  us  determine  the  basic  quantity  5 - 
1 _ oa  1 - 0.97  • 0.20  1 - 0.194  0 • 806 


We  shall  make  use  of  the  table  corresponding  to  the  nearest  basic 
quantity  3 in  the  tableB,  i.e.  9-  0.92  (p. 1044  ). 
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Let  the  values  for  the  pressure  in  any  desired  instants  of  time* 


bo 


Px  - 20*1  and  pr>  - 1280. 
We  find  the  values: 

: 1 


2 04  - 

4u 

lj54 

2 1 70  - 

40 

2 130 

13  80  - 

40 

1 31.40 

2 1 70  - 

40 

2 17  0 

iluc 

1 > 

1 l nci 

0 . 6 2 r'J  . 

To  determine  the  value  »<.•  find  in  the  left-hand  column  of 

the  table  for  3 - 0.92  the  ratio  u „ >7  , in  the  upper  row  we  find  the 
number  7:  and  at  the  intersection  ol  these  horizontal  and  vertical 
lines  we  find  the  number  0.0834.  Consequently,  H - 0.0834. 

To  determine  ^ ,,  corresponding  to  i\  - 0.6292,  we  find  the 
numbers  0.62  in  the  left-hand  column  and  the  number  9 In  the  upper 
row.  The  intersection  of  these  will  give  the  number  0.6483,  which 
corresponds  to  the  value  of  ; - 0.629.  The  next  larger  value,  h*  - 
- 0.630,  is  associated  with  ^ - 0.6493.  The  difference  between  this 
and  the  first  value  equals  0.0010;  it  corresponds  to  10  units  of  the 
forth  digit  of  L*  ; two  units  would  correspond  toA^'  - 0.0002. 

Thus,  we  shall  have: 

p - 0.629  * - 0.64  83 


p - 0.630  H'-  0.6493! 

At*  - 0.0002  0.0002 


e.0010 


Po-  0.6292  ^2“  0.6483  * 0.0002  - 0.6485 

Since,  as  a rule,  the  differences  between  two  neighboring 
columns  differ  very  little  from  10,  the  entire  interpolation  is 
easily  carried  out  mentally. 
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appendix j 

TABLES  COMPILED  BY  PROF.  SEREBRIAKOV 

d-  0.86 


>.008 

O 

.009 

.0095 

0. 

0107 

212 

223 

326 

338 

441 

453 

556 

568 

671 

683 

1 

785 

797 

900 

911 

1012 

1023 

1 124 

1135  ! 

1235 

1247 

1348 

1359 

1460 

1471 

1 572 

1583 

1683 

1694  | 

1793 

j 

1804 

1903 

1 

1914  1 

2013 

1 

2024  ! 

2122 

2133  j 

2230 

2241  1 

2338  | 

2349  j 

2 446  ! 

2457  i 

2 554  | 

2 565 

2662  ! 

l 2673  ! 

2770 

I 2784 

2878 

j "2889  ; 

2985 

1 2996  | 

i 3092 

| 3103  j 

j 3199 

3209  ; 

3305 

i 3316  1 

i 3411 

i 3421 

4563 
t 4664 

m5^4765_ 
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55 

0.56 

57 

58 

59 

60 

0.61 

62 

63 

64 

65 

0.66 

67 

68 

69 

70 

0.71 

72 

73 

74 

75 

.76 

77 

78 

79 

80 

0.81 
82 

83 

84 

85 

0.86 

87 

88 

89 

90 

0.91 

92 

93 

94 

95 

0.96 

97 

98 

99 

1.00 


5872 

5969 

6066 

6163 

6260 

6356 

6452 

6548 

6644 

6740 

6835 

6930 

7024 

7118 

7212 

7306 

7400 

7494 

7588 

7682 

7775 

7868 

7960 

8052 

8144 

8236 


^5881) 

5891 

5901 

5910 

5920 

5930 

593F 

5949 

5978 

6075 

6172 

6269 

6365 

5988 

6085 

6182 

6279 

6375 

5998 

6095 

6192 

6289 

6385 

6007 

6104 

6201 

6298 

6394 

6017 

6114 

6211 

6308 

6404 

6027 

6124 

6221 

6317 

6413 

6036 

6133 

6230 

6327 

6423 

6046 

6143 

6240 

6336 

6432 

6056 

6153 

6250 

6346 

6442 

6461 

6557 

6653 

6749 

6844 

6471 

6567 

6663 

6759 

6854 

6481 

6577 

6673 

6768 

6863 

6490 

6 586 
6682 
6778 
6873 

6500 

6596 

6692 

6787 

6882 

6510 

6606 

6702 

6797 

6892 

6519 

6615 

6711 

6806 

6901 

6529 

6625 

6721 

6816 

6911 

6538 

6634 

6732 

6825 

6920 

6939 

7033 

7127 

7221 

7315 

6949 

7043 

7137 

7231 

7325 

6958 

7052 

7146 

7240 

7334 

6968 

7062 

7156 

7250 

7344 

6977 

7071 

7165 

7259 

7353 

6986 

7080 

7174 

7268 

7362 

6996 

7090 

7184 

7278 

7372 

7005 

7099 

7193 

7287 

7381 

7015 

7109 

7203 

7297 

7391 

7409 

7503 

7597 

7691 

7784 

7419 

7513 

7607 

7701 

7794 

7428 

7522 

7616 

7710 

7803 

7438 

7532 

7626 

7719 

7812 

7447 

7541 

7635 

7728 

7821 

7456 

7550 

7644 

7738 

7831 

7466 

7560 

7654 

7747 

7840 

7475 

7569 

7663 

7756 

7849 

7485 

7579 

7673 

7765 

7858 

7877 

7969 

8061 

8153 

8246 

7886 

7978 

8070 

8162 

8255 

7896 

7988 

8080 

8172 

8264 

7905 

7997 

8089 

8181 

8273 

7914 

8006 

8098 

8190 

8282 

7923 

8015 

8107 

8199 

8291 

7932 

8024 

8116 

8208 

8300 

7941 

8033 

8126 

8218 

8309 

7951 

8043 

8135 

8227 

8318 

8337 

8428 

8519 

8609 

8699 

8346 

8437 

8528 

8618 

8708 

8355 

8446 

8537 

8627 

8717 

8364 

8355 

8546 

8636 

8726 

8373 

8464 

8555 

8645 

8735 

8382 

8473 

8564 

8654 

8744 

8391 

8482 

8573 

8663 

8753 

8400 

8491 

8582 

8672 

8762 

8409 

8500 

8591 

8681 

8771 

8789 
8878 
8966 
* 9054 

l 9140 

8798 

8887 

8975 

9062 

9149 

8807 

8895 

8984 

9071 

9158 

8816 

8904 

8992 

9080 

9167 

8824 

8913 

9001 

9088 

9175 

8833 

8922 

9010 

9097 

9184 

8842 

8931 

9019 

9106 

9193 

8851 

8938 

9027 

9114 

9201 

8860 

8948 

9036 

9123 

9210 

? 9227 

3 9315 

* 9403 

2 9490 

B 9577 

9236 

9323 

9411 

9492 

9585 

9245 

9332 

9420 

9508 

9594 

92  54 
9341 
9429 
9517 
9603 

9262 

9350 

9438 

9525 

9611 

9271 

9359 

9447 

9534 

9620 

9280 

9367 

9455 

9543 

9628 

9289 

9376 

9464 

9552 

9637 

9298 

9385 

9473 

9560 

9645 

4 9663 

0 9749 

6 9835 

2 9920 

0 

9671 

9757 

9843 

9929 

9680 

9766 

9851 

9938 

9689 

9775 

9860 

9947 

9697 

9783 

9868 

9955 

9706 

9792 

9877 

9964 

9714 

9800 

9885 

9973 

9723 

9809 

9894 

9982 

9731 

9817 

9903 

9991 
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^796 

BUM  — ” 

908 

920  931 

1020 

1032  1043 

1132 

1144  1155 

1244 

1256  1267 

1356 

1367  1378 

1466 

1476  1487 

1575 

1585  1 596 

1684 

1694  1705 

1793 

1803  1814 

1902 

1912  1923 

2011 

I 2021  2032 

2120 

2130  2141 

2228 

2238  2249 

2336 

2346  2357 

2444 

2454  2465 

2 552 

2 562  2 573j 
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